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There is an increasing amount of evidence for the biological 
importance of certain ‘trace’ elements. 

The investigation of hen eggs and chick tissues was made 
to determine what elements passed from the rations and drink- 
ing water into the blood of the laying hen, hen eggs and tissues 
of chicks which had not ingested food or water. 

The eggs and chicks were from a group of eggs laid at the 
time the water and rations investigated were being ingested 
by the laying hens. The blood of one laying hen was also 
secured at this time. 


MATERIAL AND METHOD OF INVESTIGATION 


The water was evaporated in silica and platinum dishes. 
The residue was used for analysis as there was very little 
organic material present. Ashing was not necessary. 

Mash and a combination of wheat and corn were being fed 
to the hens at the time of investigation. The two kinds of 
feed and the yolks, whites and shells of five eggs were each 
ashed separately. This was done at low red heat in silica 
dishes. Each ash was separately analyzed. The blood of 
one of the laying hens was subjected to a similar procedure. 

Three weeks later, ten chicks hatched in an incubator were 
used for the investigation of some of their tissues. The chicks 
had not ingested water or food. About 48 hours after being 
hatched, they were made unconscious by a sharp blow over 
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the top of the head. Sufficient feathers were removed from 
around the necks and the heads cut off. A few drops of the 
blood were allowed to escape, and the remainder was received 
in a platinum dish. The gizzard, kidney, brain, eye, lung, 
thigh muscle, liver, heart, blood and femur were separately 
ashed. The same method was used as for the eggs and feed. 
Most of the organs such as the kidneys, were so small that 
they had to be pooled. The blood of the chicks was also 
pooled. In addition, a femur from a 96-hour chick that had 
not ingested water or food was ashed. 

No effort was made to burn off all the carbon in the sub- 
stances which were resistant, and no reagents were added to 
promote ashing. 

Precautions were taken to avoid contamination by extrane- 
ous elements. Spectra of the electrodes used were secured 
to note the presence of any elements already in them. The 
shell of an egg taken from the oviduct of a hen was analyzed 
as a control to eliminate the question of possible contamina- 
tion of the laid eggs. The ashing and water evaporation was 
done in a room free from air currents, where presumably the 
dust in the air had previously settled. 

The technic of securing the spectra was in general as re- 
ported before by Drea (’34). A direct current of 7.5 amperes 
was used for excitation of the spectrum after 10 to 20 mg. 
of the ash were placed on top of the lower of the two Acheson 
graphite spectroscopic electrodes. Iron are spectra were 
used for measuring the wave lengths of the most ‘persistent 
lines’ of the elements as given in the International Critical 
Tables for are spectra. Not all of the elements can have their 
spectra excited by the arc. Fluorine was sought by means of 
the CaF, band. A Hilger medium-sized quartz spectrograph 
was used. Eastman type III-F and type IV-F spectroscopic 
plates had the spectra recorded upon them. At least three 
spectra were photographed for each substance investigated. 
No attempt at quantitative determinations was made. 
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RESULTS 


Elements are reported as present or absent according to 
whether or not their characteristic wave lengths are present 
in the spectra of the investigated substances. Elements re- 
ported as absent may have been present in too small quanti- 
ties to be revealed with the technic employed although 
generally speaking the spectrographic method is extremely 
delicate. 


DISCUSSION AND SUMMARY 


A number of elements pass from the feed and/or water 
into the hen’s blood, from there into the egg, and finally into 
all of the chick’s tissues and chick’s blood. These are alumi- 
num, barium, calcium, copper, iron, magnesium, phosphorus, 
potassium, rubidium (7?) silicon, sodium, strontium, titanium 
and vanadium. Manganese and zine were each absent from 
one organ and the chick’s blood. Of the ‘trace’ elements, 
aluminum, barium, copper, silicon, strontium, titanium and 
zine were quite uniformly distributed among the tissues. 

There is a group of ‘trace’ elements more concentrated in 
the hen’s blood and/or egg than in the feed and it appears 
reasonable that these are of high physiological importance. 
These are barium, iron, strontium and vanadium. The im- 
portance of iron is of course well known. The selection of 
barium and strontium may be caused by the inability of the 
hen’s organism to distinguish these elements from calcium. 
The selection of vanadium is more difficult to explain: it is 
present in 4 plus quantities in the blood of both chick and 
hen, in the femur, heart, kidney and lung, suggesting some 
function associated with the hematopoietic organs. 

There is a group of three elements whose presence in the 
newly hatched chick is unnecessary or harmful. These are 
boron, fluorine and silver. Boron although present in the 
food and water was found only in the egg yolk. Fluorine was 
present in the water in a concentration of about 2 p.m.m. It 
was not present in a sufficiently large amount to be demon- 
strated in the eggs, bloods or soft tissues. It was present in 
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one femur and therefore must have been present in the egg 
from which this femur was evolved. This element is most 
probably of no physiological importance in any amount and 
when present in drinking water to the amount of more than 
1 p.m.m. has a toxic effect upon the developing enamel of 
children’s teeth. Silver was present in the water. It was 
not demonstrated in the hen’s blood, egg yolk, chick blood or 
tissues with the exception of one femur. 

Chromium, lead and molybdenum were present in approxi- 
mately equal amounts in the hen’s blood and in the feed and 
water, but were not constantly present in the eggs. Although 
the hen tolerates these elements in her own blood stream, she 
attempts to reject them for the formation of her eggs. The 
presence of these elements is tolerated in the adult organism 
but their presence is not necessary for the functioning of the 
chick and may be harmful. When the chicks contained these 
elements, molybdenum was found principally in the liver, 
lead in the lungs and chromium in the brain and eye. While 
we expect the accumulation of harmful heavy metals in the 
liver, the accumulation of chromium in the brain, and lead in 
the lung is surprising and at present unexplained. 

Manganese was present in greater quantity in the yolks as 
compared with the hen’s blood and was absent from the egg 
white and egg shell. It was concentrated in the liver and 
appeared in slightly lesser amounts in the kidney and gizzard. 
Its absence from the chick’s blood and its presence in all of 
the tissues with the exception of the eye indicates a probable 
inadequate supply of this element which is of general nutri- 
tive importance. 


LITERATURE CITED 


Drea, W. F. 1934 Spectrum analysis of milk ashes. J. Nutrition, vol. 8, 
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The gaseous metabolism of the primates has only recently 
been the subject of investigation. Botschkareff (’33) deter- 
mined the heat production of one macaque and three mandrills, 
but he was unable to secure basal conditions during observa- 
tions. The only other published data are those of Bruhn 
(’34), who studied the basal metabolic rate of various species 
of primates including in his series four normal adolescent 
rhesus monkeys (Macaca mulatta). In view of the paucity of 
information concerning the metabolism of the rhesus monkey 
it has seemed worth while to record further studies on the 
basal heat production in this form. 


METHODS 


Six female and five male monkeys were studied. They were 
normal adolescent animals the weights of which varied from 
2.7 to 3.6 kilos. The animals were generally fasted 18 to 
24 hours prior to observation, but in one series the post- 
absorptive period was lengthened to 36 hours. 

The determinations were made in an open cireuit system 
modelled after the apparatus devised at the Carnegie Nutri- 
tion Laboratory at Boston (Carpenter and Fox, ’31). The 
animal, confined in a small cage, was placed in a chamber of 
appropriate size through which outdoor air was circulated by 


1 When this work was done the author was a Porter Fellow of the American 
Physiological Society. The research was aided by a grant from the research funds 
of the Yale University School of Medicine. The author is at present in the 
Physiology Department at Massachusetts State College, Amherst, Massachusetts. 
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a rotary blower. The outgoing air after passing through two 
dry gas meters was collected for analysis by the Fox bag 
method of aliquot sampling (Carpenter and Fox, ’31). The 
samples so obtained were stored in Benedict (’27) respiration 
pumps, and then analyzed in the Carpenter (’33) gas analysis 
apparatus. An activity recorder modified from that described 
by Benedict and Homans (’12) was used to register the ani- 
mal’s movements. Usually aliquots from four to five 20- 
minute periods were collected and the results of the two 
periods which gave the best agreement were taken to denote 
the animal’s heat production. The lowest values were chosen 
in every instance. An agreement of 6 per cent or less was 
usually obtained for successive periods. Following the ex- 
periences of Bruhn (’34) the determinations were made at 
night to facilitate basal conditions. 

The apparatus was tested intermittently during the investi- 
gation by burning alcohol in the chamber and by analyses of 
outdoor air. The mean respiratory quotient for alcohol in 
this series was 0.664 + 0.003, while the greatest variations 
from the theoretical respiratory quotient of 0.667 were 0.674 
and 0.658. The average results for the outdoor air analyses 
were 0.032 for CO, and 20.942 for O.. 

The surface area of the animals was calculated by the 
method of Lee and Fox (’33). 


RESULTS AND DISCUSSION 


The complete data obtained in these experiments are pre- 
sented in table 1. It was found that the average heat pro- 
duction of the eleven animals was 608 Cal. per square meter 
per 24 hours. This is approximately 7 per cent lower than 
the average figures given by Bruhn (’34) for the four normal 
animals studied by him. Eight of the eleven animals had 
metabolic rates that ranged from 586 Cal. to 640 Cal. and the 
remaining three, numbers 30, 4 and 37, gave values, respec- 
tively, of 543, 543 and 709 Cal. 

The wide divergences from the mean of these three animals 
were undoubtedly due to their distinctive metabolic rates. 





BASAL HEAT OF THE RHESUS MONKEY 359 


Animal no. 37 which gave the highest value of the group was 
extremely excitable and it is conceivable that this high heat 
production may be accounted for by the emotional dis- 
turbances pointed out by Benedict (’35) and by the cardiac 
and respiratory factors which have recently been demon- 
strated by Carpenter et al. (’34) to produce a considerable 
augmentation in the O, consumption of normal individuals 
in the basal state. It is interesting to note that Bruhn (’34) 
obtained a value of 701 Cal. on one of the animals in his series. 


TABLE 1 
Results of metabolic rate determinations on eleven rhesus monkeys 





| | 


| | 
| CALS. / CALS./ | CALS./ 
nto” | OF HOURS es Loa = sq.m./ | sq. M./ KILO/ 
, POST ABS. | 7 maid 2 24 HR. HR. | 245R. 


| 
NUMBER 


1.570 | 0.753 | 640.0 | 26.7 | 48.7 
1,382 | | 586.0 | 244 | 45.1 
1.506 | 628.0 26.1 | 485 
1.331 | 0. 543.0 | 226 | 41.3 
24 3.5 1.680 | 0. 709.0 | 295 | 544 
| 3.1 1.330 | 


601.0 | 25.0 | 49.1 
Average of females: 618.0 

3.1 | 1.174 | 0.794 | 543.0 | 22.6 43.6 
2.9 | 1.248 0.742 595.0 | 24.8 48.9 
2.8 1.296 0.737 632.0 | 26.3 52.2 
é 2.7 1.206 0.724 | 600.0 | 25.0 50.5 
3 2.9 . | 0.721 | 622.0 | 25.9 51.0 

“Average of males: 5980 ~ lila’ 

ch; Vs ea average of entire group: 608.0 





| 


is 3.7 
18 | 3.5 
is | 3.6 
ya 3.6 
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Further evidence that this result is valid is supplied by two 
experiments in which the animal was given a subanesthetic 
dose of sodium amytal, 35 mg./kilo, a drug which has been 
demonstrated by many investigators (Anderson et al., 30; 
Deuel et al., ’26; and Siebert and Thurston, ’32), to produce 
little or-no alteration of the basal metabolic rate even in 
anesthetic quantities. The findings in these experiments are 
presented in table 2. The average heat production in the two 
types of procedure was almost identical, the difference being 
approximately 1 Cal. Similarly the low metabolic rates of 
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animals nos. 30 and 4, both of which gave values of 543 Cal., 
must be attributed to their individual differences. It was sur- 
prising to find two animals of different weight and sex that 
had the same low basal metabolic rate. It is perhaps unwise 
to use the average metabolism of the group. 

The trend of similar metabolic determination for the two 
sexes was noted throughout the investigation. The average 
heat production of the female group was 3.2 per cent higher 
than the male, 618 Cal. as compared with 598 Cal., a difference, 
however, which is well within the experimental error. More- 
over, if the values obtained on animal no. 37, a female, are 
excluded the average results for the female group becomes 
600 Cal., a value closely approximating the heat production of 
the males. It is possible that when more data on the heat 


TABLE 2 
B. M. B. of monkey no. 37 which received 35 mg. amytal/kilo 





NUMBER CALS./ | CALS./ | CALS./ 
OF HOURS SEX had Os aed |} Bq. sQ.M./ | 8Q.M./ | KILO/ 
POST ABS. r 24 HR. HR. 24 HR. 











— _ : 
No amytal 24 g | 3.5 | 1.680 | 0. 745 709.0 | 29.5 54.4 


Amytal 24 +4 3.65 1.702 | 0.748 | 710.0 | 29.6 54.7 





production of this animal have been accumulated similar sex 
differences such as those observed in the human by Benedict 
and Talbot (’21) will be evident. 

Respiratory quotients. The respiratory quotients of the ten 
animals which were 18 to 24 hours post-absorptive ranged 
from 0.72 to 0.79. The quotients of seven of these animals fell 
within the limits of 0.74 and 0.77, while the three remaining 
animals nos. 4, 23 and 44, gave values of 0.79, 0.72 and 0.72, 
respectively. A series of determinations were carried out on 
animal no. 24 when it was 36 hours post-absorptive and its 
respiratory quotient at this time was 0.705. It would appear 
that the respiratory quotients of these animals decreases more 
rapidly than that of other mammals, a phenomenon that may 
possibly be associated with the monkey’s high carbohydrate 
diet. The respiratory quotients obtained in this investigation 
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were slightly lower than those reported by Bruhn (’34), a dif- 
ference that probably resulted from our use of a longer post- 
absorptive period. 


SUMMARY 


1. The average basal heat production of eleven adolescent 
rhesus monkeys was found ‘+o be 608 Cal./square meter/24 
hours. 

2. A similar heat production was observed for the males 
and females. 

2. Two experiments on one animal which received 35 mg. of 
sodium amytal/kilo gave results almost identical with those 
obtained on it under normal basal conditions. 
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It has been shown in previous papers (Sherman and Camp- 
bell, ’24, ’28, ’30) that a diet adequate in the sense that it 
maintains normal growth and health with successful repro- 
duction and lactation, generation after generation, may still 
be capable of improvement with resulting enhancement of 
nutritional well-being. 

In the case of this kind which has been most extensively 
studied, the starting point was our diet A, a mixture of five- 
sixths ground whole wheat and one-sixth dried whole milk 
with sodium chloride and distilled water. At present writing 
(June, ’35) our rat families are still thriving in the thirty- 
seventh generation on this diet. Notwithstanding this ex- 
traordinarily rigorous demonstration of the adequacy of diet 
A, it is not an optimal diet, for diet B (which differs from it 
only in containing a different quantitative proportion of the 
same articles of food) is clearly a better diet as shown by its 
influence upon growth and development, upon adult vitality, 
and upon length of life. 

In chemical terms, diet B represents an enrichment of diet 
A in at least four factors: 1) protein (with presumably in- 
creased intake of histidine, lysine, tryptophane and perhaps 
other ‘nutritionally essential’ amino acids); 2) calcium; 
3) vitamin A; 4) vitamin G (in the sense of the Bourquin- 
Sherman (’31) method) and perhaps the accompanying ‘new 
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factor’ (Booher, Blodgett and Page, ’34). As this ‘new 
factor’ is relatively abundant in both milk and wheat (as well 
as in yeast, even after autoclave treatment) it must be con- 
tained in fairly liberal amounts in both diets A and B and 
may or may not play a part in the nutritional superiority of 
the latter. We are now engaged in somewhat extensive ex- 
perimentation designed to determine which substances (in the 
chemical sense) are the ‘limiting factors’ in diet A—present 
in this food mixture in sufficient amount to permit of its being 
adequate, but below the optimal concentration as shown by 
the fact that diet A does not induce and support quite so high 
a state of nutritional well-being as does diet B. 

The present paper records the results of our experiments 
with calcium as one of these limiting factors in an adequate 
but not optimal diet. 


EXPERIMENTAL 


The experiments here reported compare results with 
parallel lots or family groups of rats fed respectively upon 
laboratory diet 16 (the same as diet A) and laboratory diet 
162 which differs from diet 16 in containing enough added 
calcium carbonate to give it the same calcium content as our 
diet B. 

The initial lots or family groups of experimental animals 
each consisted of two males and three females. Parallel lots, 
made up when the rats were 4 weeks of age, were carefully 
matched as to heredity and size, and were kept strictly parallel 
as to all other conditions, and until the natural deaths of all 
the experimental animals. Inasmuch as more than one 
generation may be required for the full effect of a difference 
of diet, we have included also in this comparison parallel lots 
of offspring of the original matched lots in the second, third 
and fourth generations, these being likewise kept in lots of 
two males and three females each. The total numbers in- 
cluded in the experiments reported were: fifty-four males, 
seventy-seven females on diet 16; forty-nine males, seventy- 
two females on diet 162. 
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Many different numerical findings in the records of the 
life histories of the animals combine to serve as criteria of 
nutritional well-being. For the sake of conciseness these may 
be grouped under the three headings of, 1) rate and efficiency 
of growth, 2) indications of adult vitality, and 3) length of 
life. 

Rate and efficiency of growth. .The general average dif- 
ferences in growth and resulting size are shown in figure 1. 
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In each sex, growth was somewhat more rapid, and average 
size at a given age was somewhat greater, on the diet of more 
liberal calcium content (diet 162). Food consumption, per 
gram of body weight, was slightly higher on the same diet in 
the earlier stages of growth, but thereafter the food consump- 
tions were essentially alike, so that in the general result the 
diet of higher calcium content was somewhat more efficiently 
utilized for growth and maintenance. The average ad libitum 
consumption of the two diets, in terms of calorie intake per 
100 gm. of rat at different ages, is shown in figure 2. 
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A more precise quantitative comparison of the rate and 
efficiency of growth on the two diets during the fifth to eighth 
weeks, inclusive, of the lives of the rats is summarized in 
table 1. 
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Light line _. Diet /6 _ 
Heavy 20 —eee Diet 162 
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Figure 2 
TABLE 1 
Influence of calcium intake on rate and efficiency of growth 
| mbna — she al 
Diet 16 DIET 162 a 
WITH ITS 
% l eM | ; PROBABLE 
| Number y 2 | Mean with its | Number | 9 val Mean with its ERROR 
of cases |~** | probable error | of cases |~*'* — error 
i camneee cn am a —— 
| grams | grame 
Gain in weight! | | 
during 5th to| 
8th week, inel.| | 
Males 54 | 21.6 |52.7 +1.01 49 | 23.0|67.8 +1.07 |15.1 +1.47 
Females 77 |24.1|46.2 +0.82 72 |18.5/59.0 +0.85 (12.8 +1.18 
| 
| 
Gain in weight 
per 1000 cal. 
consumed 131 |13.3 64.9 +1.06 | 121 |11.3|72.7 +1.00 | 7.8 +1.46 
Gain in weight | 
per gram of| 
protein con-| 
sumed 131 (13.4) 1.83%0.030! 121 [11.5| 2,06+0.029! 0.23+0.041 





* Coefficient of variation. 
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Thus growth during the period uncomplicated by puberty 
proves, on statistical analysis of the data from groups of from 
49 to 131 cases, to have been significantly more rapid off the 
more liberal calcium intake and also significantly more efficient 
both on the basis of gain per 1000 cal. and on that of gain 
per gram of protein consumed. It should, however, be care- 
fully noted that we are here dealing with only very moderate 
rates of growth, so that the higher of these seems well within 
the range of what is certainly advantageous. These experi- 
ments do not deal either with very rapid growth or with very 


TABLE 2 


Influence of calcium intake on indications of adult vitality (breeding records of 
same females whose growth is shown in table 1 and fig. 1) 





























DIET 16 DIET 162 
DIFFERENCE 
WITH ITS 
M ith its Mean with its i 
ean Wi 
C.v. probable error C.v. probable error 
Age at birth of first 
young, days 25.3 | 137.3%2.79 | 22.9 | 115.9% 2.15 | 21.4+ 3.52 
Duration of ability to 
reproduce, days 65.6 | 184.9+9.24 | 57.2 | 235.3210.56 | 50.4+14.0 
Number of young born| 68.8 20.7+1.10 | 63.7 25.5% 1.27 | 4.8+ 1.68 
Number of young reared) 102.8 9.2+0.70 | 96.3 14.7% 1.11 | 5.5% 1.31 
Weights of young of | 
both sexes at the age} 
of 28 days 9.8 | 37.2+0.09 9.4 40.1+ 0.08 | 2.9% 0.12 





high calcium intake. Within the zone with which these ex- 
periments are concerned, the more liberal calcium intake 
clearly induced a more favorable nutritional response. 
Indications of adult vitality. The appearance and behavior 
of our animals indicate that, as between the two diets here 
compared, the more liberal calcium intake resulted in a higher 
average of adult vitality and its maintenance over a longer 
time. The chief objective numerical data yielded by our type 
of experiment are those of the breeding records of the females. 
These are summarized in table 2. These findings show that 
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the females on the more liberal calcium intake (diet 162) 
matured slightly earlier, showed a longer period of ability 
to reproduce, bore more young and reared a higher percent- 
age of them, and to a slightly larger average weight at wean- 
ing. Inasmuch as none of these rats reached weights which 
could be regarded as excessive at any age, the slightly larger 
average size of the parents as well as the young may probably 
be interpreted as further evidence of superior nutritional well- 
being upon the higher of the two levels of calcium intake with 
which these experiments deal. Again, it may be emphasized 
that both these are moderate levels of intake, the lower is high 
enough to be within the range of adequacy as ordinarily 
understood, and the higher is by no means radically high. 


TABLE 3 
Lengths of life on diets of different calcium content 





Diet 16 DIET 162 





Mean with its | Number | 0.V. Mean with its 


probable error | of cases probable error 


days | days 





24.4 651+14 49 19.7 705+13 
Females 27.1 716415 72 27.2 721415 








Length of life. The influence of added calcium upon length 
of life is less clear cut. Both males and females show longer 
average life cycles upon the higher of the two levels of calcium 
intake here studied. In the cases of the males the difference 
is very distinct, covering a large part of the difference previ- 
ously found between diets A and B. In the case of the females 
the difference is small, and would not be regarded as signifi- 
cart if it stood alone. Viewed in the light of all the other 
data, including the fact that the females on diet 162 had reared 
significantly more young than those on diet 16, it is probable 
that for females as well as for males the more liberal calcium 
intake served to increase the length of life. The average 
lengths of life are shown in table 3. If in future it should 
prove possible, as we hope, to add materially to the number 
of these experiments upon length of life, the increased volume 
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of data will doubtless reduce the probable error of the means 
and thus permit a more conclusive evaluation of the differ- 
ences. 

Regularity of nutritional response. Together tables 1, 2 
and 3 include coefficients of variability for the data of nutri- 
tional response or well-being, as shown on the two diets when 
compared in eleven different ways. In nine of the eleven com- 
parisons the data for the animals on diet 162 show lower 
coefficient of variation (C.V.), i.e., the more liberal intake of 
calcium induced greater regularity of results as well as aver- 
age outcomes indicative of better nutritional status. 


DISCUSSION 


In previous work with rats of the same strain, fed upon 
the same or similar diets (Sherman and MacLeod, ’25; Sher- 
man and Booher, ’31), it has been shown that the present 
diet A or diet 16, while supporting growth and development 
at a rate within the normal range, does not induce as rapid a 
retention of calcium in the growing organism as does a calcium 


intake such as that of our diet 162; and on the level of intake 
afforded by diet 16 (about 0.2 per cent of calcium in the dry 
solids of the food mixture) the body requires a relatively long 
time to attain the same calcium content as that attained at 
the same age when the calcium intake is higher. The status 
supported by diet 16 is, however, well within the range of 
normal as this term is regularly used. It is only on much 
lower levels of intake, with only about half as much calcium 
in percentage of the food solids, that we have found evidence 
of subnormality attributable to low calcium content in the 
adult rat (Campbell, Bessey and Sherman, ’35). It is also of 
interest to note that the calcium content of diet 16, whether 
calculated in percentage of the food solids or in proportion 
to the food calories, is higher in diet 16 than in average Ameri- 
ean family food supplies. There seems to be no room for 
doubt that, while the average American intake of calcium is 
adequate (in the accepted meaning of this word), it is below 
that from which optimal nutritional well-being is to be 
expected. 
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SUMMARY AND CONCLUSION 


As part of an investigation to explain the improvement of 
an already adequate diet, the effect of such addition of calcium 
carbonate as to increase the calcium content of the dry food 
mixture from 0.2 per cent to 0.35 per cent has been studied 
with rats throughout the natural life cycle and through succes- 
sive generations. 

This enrichment of calcium intake was followed by a more 
efficient utilization of the food (whether calculated on the 
basis of its energy value or protein content); better growth; 
earlier maturity; several indications of higher adult vitality; 
a longer period between the attainment of maturity and the 
onset of senility ; and, in less degree, an increase in the average 
length of adult life, or life expectation of the adult. 

Inasmuch as the infant mortality was decreased by the 
increase in calcium intake, the life expectation at birth was 
increased in greater degree than the life expectation of the 
adult. 

That the increase of the adult life cycle was not so large 
with the females as with the males may be due to the fact 
that the females on the higher calcium intake had borne and 
suckled more young. 

The increase in the calcium content of the already adequate 
diet clearly improved its nutritive value as judged by the 
combined criteria of growth, adult vitality, lowered death 
rates, and increased length of life. 

We conclude that the previously reported improvement of 
an already adequate food supply is in part (though not solely) 
attributable to the enrichment of the calcium intake, and that 
the level of calcium intake most conducive to optimal well- 
being is significantly higher than that required for normal 
growth and maintenance. 


The cooperation of the Carnegie Corporation of New York 
and the Carnegie Institution of Washington is gratefully 
acknowledged. 
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In a recent study of the calcium needs of children of pre- 
school age, it was shown that under the conditions of the in- 
vestigation the average calcium retentions were the same 
whether the children were receiving 1 pint or 1 quart of milk 
(Daniels et al., ’34). These findings were so out of harmony 
with the generally accepted hypothesis that 1 quart of milk 
is necessary to supply the calcium for children of the ages 
considered (Sherman and Hawley, ’22) that the work has 
been continued with certain slight modifications in technics 
and data alignment. 

In calcium balance studies with children it is obvious that 
the relation of calcium furnished by a given quantity of milk 
to the total calcium of the diet differs with individuals, since 
in any group of children, even within a comparatively narrow 
age range, there will be more or less variation in size and 
therefore in the amount of foods other than milk taken. The 
calcium furnished by these foods, more particularly the fruits 
and vegetables, according to the findings of McClugage and 
Mendel (718) and Sherman and Hawley (’22) is less available 
than that of milk although Rose (’20), Blatherwick and Long 
(722), and Mallon, Johnson and Darby (’33) working with 

*We are indebted to Miss Gladys Everson and Miss Florence Scoular for 
calculation of the diets and preparation of the meals. 
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adults, found the calcium of the vegetables tested equally well 
utilized. With few exceptions, the diets used for the children 
studied consisted of the same varieties of vegetables (carrots, 
tomatoes and potatoes) and fruits (prunes, apples, orange 
juice and banana) in very much the same proportions, there- 
fore the availability of the calcium from these sources should 
be the same at a given calcium ingestion level. Variations in 
retentions under these conditions would seem to be due to the 
fact that some children needed more, either because of previ- 
ous depletion or differences in potentialities of growth, or be- 
cause other factors in the diet were influencing retentions, 
for example, an excess of calcium in relation to phosphorus 
or vice versa (Sherman and Pappenheimer, ’21; McCollum, 
Simmonds, Parsons, Shipley and Park, ’21) or insufficient 
vitamin D (Daniels, Stearns and Hutton, ’29). In the study, 
too little vitamin D would seem to be ruled out since each 
child received twice daily, between breakfast and dinner and 
between dinner and supper, 3.5 cc. of a standard cod liver oil 
to which were added 4 drops of Viosterol. Furthermore, each 
child received daily a 10-minute exposure to the rays of a 
General Electric sun lamp. Both phosphorus and nitrogen 
ingestions and retentions have been included to determine to 
what extent these may have been influencing factors. 

In order to meet the possible criticism of our first report 
that the preliminary periods were too short for metabolic 
adjustment, or that incomplete fecal eliminations or unavoid- 
able inaccuracies in stool divisions may have introduced 
significant errors in the shorter metabolism periods, in the 
subsequent study the pre-periods were increased to 7 days, 
and two consecutive periods of 4 or 5 days each called ‘double 
periods’ were substituted for the single 5-day metabolism 
periods. 

The food components of the diets were the same as those 
of the former study. In a few instances certain modifications 
in the amounts of given foods or in the choice of cereal foods 
were made for the purposes of another investigation. These 
apparently were without influence on the calcium and phos- 
phorus retentions and therefore the data of these have been 
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included. In the interest of greater accuracy, the methods 
used in the preparation of the food were somewhat modified. 
These modifications are given in detail in the study of the 
protein needs of children (Daniels et al. ’35). The food 
intakes were so adjusted that one-third of the fat, protein and 
carbohydrate was given at each of the three meals. In so far 
as possible, the milk ingestion was similarly apportioned. 

The children, who were between 36 and 66 months of age 
were cared for as meticulously as those of the previous report. 
All were in good health during the period of the study, al- 
though all were not equally robust. 


METHODS OF ANALYSIS 


The analytical methods of the present study were the same 
as those used in the previous report (Daniels et al., ’34) with 
the exception of a slight modification in the calcium determina- 
tions by which the calcium oxalate was precipitated at a 
slightly lower hydrogen-ion concentration according to the 
method of Washburn and Shear (’32). Tests of accuracy 
of the calcium and phosphorus methods by additions of known 
amounts to stool and food samples gave recoveries of 100.1 
and 99.7 per cent, respectively. With the exception of dupli- 
cates of the urinary phosphorus, all determinations were made 
in triplicate. 

Since retentions in the studies involving the somewhat more 
refined technics were found to be similar to those of the previ- 
ous report, for purposes of statistical analysis the results of 
all calcium balance studies have been grouped according to 
calcium ingestions per kilogram of body weight at intervals of 
five between 35 mg. and 100 mg. with the corresponding phos- 
phorus and nitrogen ingestions. The scatter diagrams show- 
ing the relation of calcium ingestions to retentions indicate 
the double periods as well as the first and second consecutive 
periods of the former study. 

The higher calcium retentions of childhood are concerned 
chiefly with skeletal growth; thus it seemed possible that 
retentions in relation to ingestions based on height might give 
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more accurate information regarding children’s needs than 
retentions based on weight. In the study, therefore, the re- 
tentions have been grouped also in relation to height between 
ingestions of 7.0 mg. and 14.9 mg. per centimeter at intervals 
of ten. 
RESULTS 

A consideration of the average calcium retentions at the 
various levels of ingestion tested (table 1) gives little informa- 
tion concerning the needs of children of the ages studied. 
With the exception of two cases at the upper level of inges- 
tion, the highest average retention, 12 mg. per kilogram, was 
obtained with ingestions between 60 and 64 mg. per kilogram, 
whereas with ingestions between 90 mg. and 94 mg. per kilo- 
gram the average retention was somewhat less, 9 mg. per 
kilogram. It will be noted that the range of retentions is 
fairly comparable at each ingestion level above 40 to 44 mg. 

Optimum retentions at a given ingestion level, which would 
seem to be indicative of the availability of the calcium, were 
not directly related to the ingestions, within the limits of the 
study. For example, retentions of 15 mg. per kilogram were 
obtained with ingestions of 45 mg., 65 mg., 85 mg., and 95 mg. 
per kilogram, respectively, while retentions of 14 mg. were 
found with ingestions of 70 mg. as well as 80 mg. per kilogram. 
At the ingestion level of 35 to 39 mg., both average and opti- 
mum retentions were low, but not lower than certain reten- 
tions obtained with higher ingestions. Whether these lower 
retentions were due to too little calcium in the diet or to the 
fact that the children needed less is not clear. This lower 
ingestion level included five balance studies with two children 
who were unusually robust and considerably (from 5.6 to 19.4 
per cent) above the theoretical weight for height. Estimating 
the retentions of these children on the basis of their theoreti- 
cal weights, brings the average well within the range of the 
groups above. 

Calcium ingestions based on height (table 2) also seem to 
indicate that sufficient calcium was given at all levels of in- 
gestion tested. The highest retention, 2.8 mg. per centimeter, 
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was obtained with an ingestion of 9.9 mg. per centimeter. At 
ingestions between 14.0 and 14.9 mg., and 11.0 to 11.9 mg., 
the same average retentions were obtained, namely, 1.8 mg. 
per centimeter, which was slightly lower than the average re- 
tentions of 2.0 and 2.1 obtained with ingestions between 10.0 
and 10.9 mg. and 9.0 to 9.9 mg. per centimeter, respectively. 
The upper range of retentions at these ingestion levels was 
also quite similar, namely, 2.7 and 2.8 mg., respectively. With 
an ingestion of 14.0 to 14.9 mg., the highest of the series one 
child retained only 2.2 mg., slightly less than the optimum, 
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2.4 mg. per centimeter, obtained at the lowest ingestion, 7.0 
to 7.9 mg. per centimeter. 

The scatter diagrams depicting the calcium retentions esti- 
mated on both weight and height (scatter diagrams 1 and 2) 
even more clearly than the tables, indicate that under the con- 
ditions of the study the calcium needs of children can be met by 
lower ingestions than we have hitherto considered necessary. 
Seventy-four per cent of all the children studied retained 
10 mg. per kilogram or less. Of these 63 per cent received 
1 pint of milk, and 37 per cent between a pint and a quart. 
Based on height, 69 per cent of the children studied retained 
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1.6 mg. per centimeter or less, irrespective of the amount in- 
gested, 32 per cent of these being among those receiving 10 
mg. or more per centimeter from diets containing more than 
a pint of milk, and 68 per cent among those receiving less than 
10 mg. per centimeter. High retentions estimated either on 
weight or height are found at all ingestion levels. Among 
those receiving either a pint or a quart of milk are a number 
of children with high retentions, who were studied during 
several metabolism periods, although these were not con- 
secutive. Estimating these high retentions, either on the 
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basis of weight or height, of the individual children studied, 
brings the percentage of retentions above 10 mg. per kilogram, 
and 1.6 mg. per centimeter to 16 per cent and 18 per cent, 
respectively. 

In a previous report regarding the protein needs of children 
(Daniels et al., ’35) it was suggested that the wide variations 
in the nitrogen retentions at given ingestions above the mini- 
mum were due either to previous depletion of the children 
studied or to differences in potentialities of growth. The data 
of the present investigation suggest that calcium retentions 
also are related to the physical condition of the children 
studied as well as to the growth pattern. On the other hand, 
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in the diets of the children, there were more or less differences 
in the amounts of phosphorus and nitrogen ingested. Studies 
with animals have shown that any considerable disparity be- 
tween the calcium and phosphorus ingestions, resulting in an 
excess of either, may materially influence the calcium reten- 
tions (Hart, Steenbock and Elvehjem, ’24; Shohl et al., ’33). 
The addition of vitamin D or exposure to the ultra-violet rays 
of the sun or of a mercury quartz lamp tend to nullify the 
results (Hart, Steenbock and Hoppert, ’21; Templin and 
Steenbock, ’33). Similarly, the untoward effects of a diet 
potentially acid or basic is modified by the inclusion of suffi- 
cient amounts of vitamin D (Morgan, ’34). From experi- 
ments with animals, therefore, one may conclude tentatively 
that any imbalance of these two elements in the diets of the 
children studied would not have affected materially the re- 
sults, provided, of course, enough of each were supplied, since 
the vitamin D given was controlled, and in so far as is known, 
adequate. That such was the case is shown by the fact that 
similar retentions were obtained at quite different ingestion 
levels of the three metabolites, calcium, phosphorus and nitro- 
gen, which are conceded to be interrelated. Space allows for 
only a few examples at given ingestion levels (table 3). 

Comparing the retentions resulting from dissimilar inges- 
tion levels, it is obvious that the amounts and relationships 
of these metabolites were not the determining factors in the 
amount of calcium retained, since comparable retentions were 
obtained with very different ingestions. Nor can the avail- 
ability of the calcium of the diet indicated by the percentage 
of calcium from milk be the determining factor. 

It would seem that the needs of the children differed at 
the particular time of the study. Growth in childhood is a 
continuous, but not necessarily a symmetrical process. Dur- 
ing a given period, some tissues may be growing at a more 
rapid rate than others and requiring different amounts of the 
substance tested, or previous to the study certain of the 
children may have received adequate amounts of some sub- 
stances and less than the optimum amounts of others; thus the 
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relationship between calcium and phosphorus on the one hand, 
and phosphorus and nitrogen on the other would not be con- 
stant. When skeleton, muscle and glandular tissue are grow- 
ing at the optimum rate as in infancy, during adolescence, or 
convalescence from a wasting disease, a fairly constant ratio 
between calcium, phosphorus and nitrogen would be expected. 
During periods of less rapid growth, somewhat different 
ratios would obtain. Since phosphorus is necessary for the 
development of bone as well as muscle and glandular tissue, it 
seemed that the phosphorus retention might be indicative of 
the nutritional status of the child, especially when it is con- 
sidered in relation to the calcium and nitrogen retentions. 
The data of the study, therefore, have been grouped in rela- 
tion to the phosphorus retentions at intervals of ten between 
2.5 mg. and 14.4 mg. per kilogram, with the corresponding 
nitrogen and calcium retentions (table 4). The relation 
of phosphorus to nitrogen after the calcium needs for 
bone growth have been satisfied, called the retention ratio 


N 
(F=2a0) also has been determined for each retention level. 


At a given phosphorus retention level, these retention ratios 
were found to be surprisingly though not absolutely constant, 
averaging 17:1 at the highest retentions of 13.5 to 14.4 mg. 
per kilogram, and gradually increasing as the phosphorus 
retention decreased until at retentions of 3.5 to 4.4 mg. per 
kilogram the ratio was 34:1. At 2.5 to 3.4 mg. per kilogram, 
slightly less phosphorus than enough to combine with the 
calcium for bone formation was retained. These low phos- 
phorus retentions were obtained with two unusually robust 
children who were considerably (29 per cent) above average 
weight. 

The phosphorus ingestions, apparently, were not a factor 
in influencing these low retentions since high retentions were 
observed quite as frequently among children receiving low 
ingestions. This is shown by the scatter diagrams depicting 
the relation of phosphorus retentions to phosphorus inges- 
tions. In general, low phosphorus retentions were coexistent 
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with low nitrogen retentions, indicating that the soft tissues 
of these children were well developed. 

Calcium retentions, on the other hand, with the exception 
of those at the higher levels, remained more nearly constant, 
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between 6.6 and 8.8 mg. per kilogram, suggesting that the 
high retentions either of phosphorus or calcium are the result 
of previous depletion. Further evidence of this is suggested 
by the retention ratios obtained by Jeans and Stearns (’33) 
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during infancy, by Stearns and Moore (’31) in under-nutrition 
and subsequent recovery in a 3-year-old child, and by Liithje 
and Berger (’04) during convalescence from typhus in an 
adult. Low phosphorus retentions, when coexistent with high 
retention ratios apparently are indicative of more nearly 
physically fit children. 


COMMENT 


In a previous study it was postulated that 1 pint of milk 
when included in a diet otherwise adequate would supply 
sufficient calcium for the child of preschool age. The findings 
in the present study in which the calcium needs of children 
have been considered in relation to ingestion based on both 
weight and height, verify our former results and indicate that 
from 45 to 50 mg. of calcium per kilogram, or 7 to 8 mg. per 
centimeter, are sufficient for the age group studied, provided 
the calcium is available and sufficient vitamin D is allowed. 

The phosphorus needs of children of the age group studied 
seemingly can be met by 55 to 60 mg. per kilogram, or between 
9 and 10 mg. per centimeter, depending on the presence of 
an adequate amount of vitamin D. Calcium retentions be- 
tween 7 and 9 mg., and phosphorus retentions between 6 and 
9 mg. per kilogram would seem to be normal for well-developed 
children of the age studied. 


SUMMARY 


Calcium, phosphorus and nitrogen balance studies with 
children of preschool age receiving diets composed of the 
same varieties of food but differing in amounts and therefore 
in the quantities of the inorganic substances contained therein 
have been considered from the standpoint of both height and 
weight. The vitamin D in all cases was controlled, and in so 
far as is known, adequate, thus ruling out any variation 
which might accrue from too little. 

Wide variations in both calcium and phosphorus retentions 
were obtained at similar ingestion levels. High retentions 
were interpreted as being due to previous depletion. 
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The retention ratios of the nitrogen to phosphorus after 
the phosphorus needs for bone growth had been satisfied 


1 

were found to increase as the phosphorus retentions de- 
creased and were roughly proportional to the nutritional 
status of the child as indicated by the variation from the 
theoretical weight for height of the group considered. Within 
the limits of the study, the retentions were uninfluenced by 
the ingestions. The majority of the calcium retentions were 
found to be between 6 and 10 mg. per kilogram, irrespective 
of the ingestions. 

The results of the study indicate that the calcium needs of 
normal children of preschool age can be met by foods con- 
taining between 45 and 50 mg. of calcium per kilogram, or 
between 7 and 9 mg. per centimeter, provided sufficient vita- 
min D is allowed. Phosphorus needs, on the other hand, can 
be met by food containing between 60 and 70 mg. per kilogram, 
or between 9 and 11 mg. per centimeter. 


N 
(7=nae) grouped according to the phosphorus retentions 
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THE EFFECT OF DEFICIENT DIETS ON THE TOTAL 
ASH, CALCIUM AND PHOSPHORUS 
CONTENT OF BONES ? 
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Winters, Smith and Mendel (’27) published the results of 
an investigation dealing with the effects of dietary deficiencies 
on the growth of certain body systems and organs. This 
study dealt with calorie, protein and mineral deficiencies 
which were so drastic that growth was practically inhibited; 
young animals gained only 5 to 10 gm. during a 40-day 
period. Among others, the observation was made that per- 
sistent skeletal growth occurred on all the diets used and 
was manifested by an increase in body and tail length and an 
increase in the length of the leg bones and skull. The amount 
of this skeletal growth, however, varied with the different 
types of deficiency. The present report describes the total 
ash, calcium and phosphorus in the bones of animals stunted 
in the various ways; comparison is made in these respects 
with normal rats of the same age and with normal rats of 
the same weight. An attempt is made to relate the mineral 
content of the bones of the animals stunted in different ways 
to linear measurement and to weight; and to discover what, 
if any, differences in the total ash, calcium, and phosphorus 
content of bone result from the different kinds of dietary 
deficiency. 

*From a thesis submitted in partial fulfillment of the requirements for the 


degree of master of science in home economics, to the faculty of the graduate 
school, University of Texas, Austin, Texas. 
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EXPERIMENTAL PROCEDURE 


Six groups of rats were used; with one exception each 
group consisted of twenty-five male animals. There were 
two control groups, one of which consisted of animals of ap- 
proximately the same age as the stunted groups (referred 
to as age controls) and the other of animals of approximately 
the same weight (referred to as weight controls). The age 
controls, of which there were only five, were, of course, much 
heavier and the weight controls much younger than the 
stunted animals. The figures obtained from the weight con- 
trol groups were used as a base for estimating percentage 
increases in weight, length and mineral content of the bones 
during the stunting period, i.e., it was assumed that the find- 
ings for the weight control group were representative of what 
would have been true for the stunted groups had it been pos- 
sible to weigh, measure and analyze their bones at the begin- 
ning of the stunting period. Allowance for such small in- 
creases as might normally occur with a weight increase of 
5 gm. (the average increase of the stunted groups) was made 
by using a weight-control group 5 gm. heavier, on the average, 
than the stunted group were at the beginning of the experi- 
ment. For the stunted groups, animals were started on the 
experiment at ages varying from 21 to 25 days, but always 
at a weight of 40 gm. During a 40-day period of stunting 
no animal gained more than 10 gm., and no group showed an 
average weight increase of more than 5 gm. The four types 
of stunting used were 1) low calorie, 2) low protein, 3) low 
lysine, and 4) low mineral. For the diets and the experi- 
mental procedure used to bring about restriction of growth 
the reader is referred to the report of Winters, Smith and 
Mendel (’27). 

Since all the breeding rats used for the production of the 
litters involved in the experiment were on the same stock 
diet, and the rats, after separation from the mother, were 
kept on the same diet until ready for the experiment, there 
was little variation in the opportunity for storage of minerals. 
In distributing litter mates among the experimental and con- 
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trol groups, care was taken to get as equal a distribution as 
possible with the large number of animals involved. 

The right fore and hind legs of the animals were used for 
the weight, linear measurement and mineral analysis figures 
here reported. These bones were prepared by carefully cut- 
ting through the joints at the shoulder and thigh and cutting 
away the outside skin. This preparation was placed in a 
2 per cent soap powder solution and kept at a temperature 
of 95°C., for a period of 1 hour. The skin is then easily pulled 
away from the bones. The bones were dried at room tempera- 
ture for a period of 30 days before being weighed and 
measured. 

In order to get samples for analysis, the leg bones of the 
rats of each group were pooled, folded in cloths, crushed 
between the jaws of large pliers and then pounded to insure 
proper breaking. Each of the six composites thus obtained 
were extracted with hot 95 per cent alcohol for a period of 
18 hours and with ether for an equal period of time. They 
were then freed from ether and dried in an electric oven at 
96°C. for 1 hour. Weighed samples of the alcohol-ether ex- 
tracted bones from each group of rats were ashed by first 
charring over a low flame and then heating in a gas muffle 
furnace until constant weight was obtained. This ash was 
then analyzed for calcium and phosphorus. All determina- 
tions were done in triplicate. 

The modified method of McCrudden was used to determine 
the calcium. To determine the phosphorus, the method from 
the Official and Tentative Methods of Analysis of the Associa- 
tion of Official Agricultural Chemists (’30) was used. 


RESULTS OF EXPERIMENTAL WORK 


Table 1 gives the percentage of total ash and of calcium 
and phosphorus in the alcohol-ether extracted bones of rats 
held at constant body weight by means of various dietary 
adjustments, together with similar data for normal rats, 1) of 
the same age, and 2) of the same weight. 
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TABLE 1 


Percentage of total ash, calcium and phosphorus in bones of animals stunted by 
dietary deficiency 





TOTAL ASH OALCIUM | PHOSPHORUS 











Age controls, same age as stunted animals 61.02 23.24 10.95 
Weight controls, same weight as stunted animals} 51.12 18.20 9.28 
Low calorie 58.72 22.02 10.06 
Low protein 58.34 21.43 10.31 
Loy lysine (gliadin) 57.90 21.50 9.27 
Low mineral 45.33 15.65 8.58 














DISCUSSION OF RESULTS 


Winters, Smith and Mendel (’27) (table 2) showed that 
the various leg bones of rats stunted in different ways (low 
calorie, low protein, incomplete protein, and low mineral diets) 
increased 10 to 23 per cent in length during a period of 40 
days. There was little variation with the type of diet used, 


TABLE 2 
Percentage increase in length of leg bones of rats stunted by deficient diets* 





LOW CALORIE LOW PROTEIN GLIADIN LOW SALT 





Humerus 13 10 13 10 
Ulna 14 13 15 12 
Radius 17 18 18 17 
Femur 23 18 18 18 
Tibia 15 13 15 13 


*The percentage increases are caleulated by comparing the average length of 
the bones of the animals in the stunted groups with the average length of the bones 
of normal animals of the same weight. 














the leg bones of the low calorie animals tending to be slightly 
longer and those of the low mineral animals slightly shorter 
than the others. 

The same investigators found (table 3) that the increases 
in the weight of the leg bones were, except for the low salt 
rats, much more pronounced than increases in length and 
that there was considerable variation with the different kinds 
of stunting. 
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Inasmuch as increase in weight of bones is due largely to 
increase in mineral constituents, the large differences between 
changes in weight and length characteristic of all the de- 
ficiencies except that of minerals may be taken to mean that 
the percentage of ash had been augmented in the bones dur- 
ing the stunting period. An increase in percentage of 
minerals is characteristic of normally developing bones. The 


TABLE 3 
Percentage increase in weight of leg bones of rats stunted by deficient diets* 





LOW CALORIE LOW PROTEIN GLIADIN LOW SALT 





Humerus 74 54 54 5 
Ulna and radius 61 51 42 0 
Femur 90 65 71 20 
Tibia and fibula 63 50 61 14 


*The percentage increases are calculated by comparing the average weight of 
the bones of the animals in the stunted group with the average weight of the 
bones of normal animals of the same weight. 








TABLE 4 


Percentage increase in total ash, calcium and phosphorus of leg bones of rats 
stunted by deficient diets* 





KIND OF STUNTING TOTAL ASH CALCIUM PHOSPHORUS 








Low calorie 7.60 3.81 0.78 
Low protein 7.22 3.22 1.03 
Low lysine (gliadin) 6.78 3.29 0.01 
Low salt — 5.79 — 2.56 — 0.70 





*The percentage increases are caleulated by comparing the percentages of total 
ash, calcium and phosphorus in the bones of the stunted groups with similar 
percentages in the bones of normal animals of the same weight. 


percentage increases in total ash, calcium and phosphorus are 
given in table 4 and bear out the idea of increase in the mineral 
content of bone during the stunting period. 

Since the bones of the low mineral animals show such a 
slight increase in weight in comparison with those of the ani- 
mals stunted in other ways, and at the same time show an 
almost equal increase in length, it may be concluded that 
mineral deficiency does not bring about any greater skeletal 
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stunting than other deficiencies, but that it does result in bones 
that are poorer in mineral content. Table 4 shows the de- 
crease in total ash, calcium and phosphorus content of the 
bones of the animals on the mineral-deficient diet; almost half 
the decrease is due to loss of calcium. These results may be 
taken as supplementing those of Sherman and Booher (’31) 
who found no difference in the growth or physical appearance 
of rats kept, for varying lengths of time, on diets in which 
calcium was the sole significant variable. The calcium content 
of the bodies of such rats, however, varied directly with the 
calcium intake. 

Comparison may also be made of the mineral content of the 
bones of the stunted animals with that of animals of the same 
age. From table 1 it can be calculated that the leg bones of 
rats that were kept on a purified, but supposedly adequate, 
diet during a period of time equivalent to the stunting period 
showed an increase of 10 per cent in total ash, 5 per cent in 
calcium, and 1.68 per cent in phosphorus. In no case do the 
bones of stunted animals show as great an increase in per- 
centage of total ash, calcium, or phosphorus as do those of 
these normal animals of the same age. It is evident that the 
leg bones of animals stunted by means of low calorie, low 
protein, or incomplete protein diets have a much higher per- 
centage of total ash, calcium and phosphorus than those of the 
younger animals of the same weight, but a lower percentage 
than those of the heavier animals of the same age. Stunting 
by means of a low mineral diet, however, results in loss of 
calcium, phosphorus, and total ash so that the leg bones of 
such animals have a much lower percentage of total ash, 
calcium and phosphorus than those of animals stunted in 
other ways. It is evident that animals on certain types of 
deficient diets store calcium and phosphorus even when their 
general growth is considerably below normal but that the 
storage is at a subnormal rate. Sherman and McLeod (’25) 
found that the bodies of rats kept on a diet adequate except 
for the fat-soluble vitamins contained, at 90 days, a percent- 
age of calcium which was slightly more than was character- 
istic of normal rats of the same weight but less than half as 
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great as that characteristic of normal rats of the same age. 
Similar results were found on a diet deficient in vitamin B, 
on one deficient in cystine and on one drastically deficient in 
calories. The same investigators report that animals on a 
low calcium diet actually lose body calcium. 

In bones all of the phosphorus and most of the calcium is 
stored as calcium phosphate. There are, however, small 
amounts of other calcium salts, particularly calcium carbon- 
ate. The question arises as to whether calcium and phos- 
phorus are always stored in bones in definite ratio or whether 
the ratio characteristic for animals on a normal diet may be 
upset by deficient diet. Sherman and Quinn (’26) pointed 
out that in the bodies of rats on an adequate diet, calcium 
increased at a more rapid rate than phosphorus. That this 
holds true for the bones described above is indicated by the 
finding that the Ca:P ratio in bones of 25-day-old normal 
rats, on a purified, but supposedly adequate diet, is 1.96, 
whereas that for rats kept on the same diet until approxi- 
mately 65 days of age is 2.12. The ratio is increased to 2.30 
for rats 125 days of age, according to figures by Brooke, Smith 
and Smith (’34). The Ca: P ratio in the bones of the animals 
stunted by low calories and low protein is similar to that of 
rats of the same age rather than the same weight, being 2.18 
and 2.08, respectively. The ratio is somewhat higher for the 
gliadin stunted animals, i.e., 2.31. This may be accounted for 
by the lesser supply of phosphorus brought about by sub- 
stituting a simple protein (gliadin) for a phospho-protein 
(casein). The Ca:P ratio for the low salt animals is 1.82, 
showing a larger storage of phosphorus in proportion to 
calcium than is characteristic even of normal rats of the same 
weight. Brooke, Smith and Smith (’34) determined the 
calcium and phosphorus content of the leg bones of two groups 
of 125-day-old rats; one group had been adequately fed and 
the other kept on a low salt ration similar to the one used 
in the present experiment. From their figures Ca: P ratios 
of 2.30 and 2.07 for the adequately fed and low salt animals, 
respectively, may be calculated. By determining the amount 
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of calcium present as carbonate, these investigators showed 
that the proportion of calcium present in bones as carbonate 
is less in animals given a low salt diet than in those adequately 
fed. They interpret the shift in the phosphate to carbonate 
ratio as being due to the fact that in rats on a low salt ration, 
calcium is taken from the carbonate of the bones to a greater 
extent than from the phosphate. The figures obtained in this 
experiment lend themselves to the same interpretation, but 
there is also the possibility that a dietetic factor is involved. 
In the low salt diet a certain amount of phosphorus was sup- 
plied by the casein but very little calcium was probably avail- 
able. Inasmuch as no mineral analysis, except total ash, was 
made on the diet, no quantitative figures are available. 
Whether or not the dietetic factor plays any great part could 
be found by repeating the experiment, using a protein that 
does not contain phosphorus in the low salt ration. The high 
Ca: P ratio in the bones of the gliadin-stunted animals lends, 
as pointed out above, some support to the idea that differences 
in the amounts of calcium and phosphorus supplied by the diet 
may affect the Ca: P ratio in the bones. 


SUMMARY 


The right fore and hind leg bones of groups of young, male, 
albino rats which had been kept at stationary body weight 
for a period of 40 days by means of deficient diets (low 
calorie, low protein, incomplete protein, and low salt) were 
pooled and analyzed for total ash, calcium and phosphorus. 
Similar analyses were made on the bones of normal rats of 
the same weight (weight controls) and on the bones of normal 
rats of the same age (age controls). The percentages of total 
ash, calcium and phosphorus in the bones of the stunted rats 
are then compared with those in the bones of the controls; the 
results obtained by comparison with the weight controls are 
taken to represent the amount of the mineral stored during 
the stunting period. 
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The bones of animals stunted by means of calorie, protein 
and lysine deficiency showed a much larger percentage of 
total ash, calcium and phosphorus than was present in the 
bones of normal animals of the same weight but a smaller 
percentage in each case than is found in the bones of normal 
animals of the same age. Stunting by means of a low salt 
diet resulted in loss of total ash, calcium and phosphorus so 
that the percentages in the bones of animals so stunted are 
considerably smaller than those characteristic of normal ani- 
mals of the same weight and greatly reduced in comparison 
with those of normal animals of the same age. 

There is some indication that the Ca: P ratio in bones de- 
pends, to some extent at least, on the amounts of calcium and 
phosphorus present in diet. 
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THE AUGMENTATION OF THE TOXICITY OF 
FLUOROSIS IN THE CHICK BY FEEDING 
DESICCATED THYROID ' 
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ONE FIGURE 


(Received for publication, June 10, 1935) 


Since fluorine has been shown to inhibit normal respiration 
in certain tissues of the body by Phillips, Stare and Elvehjem 
(’34), effort was directed to preliminary experiments to see 
if the addition of metabolic stimulants would not counteract 
the influence of NaF feeding. Mild doses of desiccated thyroid 
and 2,4-dinitrophenol fed at the rate of 5 to 6 mg. daily with 
0.07 per cent NaF were without beneficial effect in deterring 
the appearance and development of fluorine toxicosis during 
the rapid growing period of the chick (Phillips, ’34). On the 
other hand 0.10 per cent of NaF fed in combination with toxic 
levels of desiccated thyroid shortened the survival period of 
the chicks. It appeared that if desiccated thyroid were fed 
in sufficient quantity to influence the basal metabolism its 
toxicity was appreciably enhanced by NaF, or vice versa. The 
present study was undertaken with the view of attempting 
to determine the influence of NaF poisoning upon animals 
given desiccated thyroid in doses sufficient to cause a reaction 
but which were non-toxic in short periods. 

In preliminary experiments the tolerance of growing chicks 
to desiccated thyroid ingestion was established (Phillips, 
English and Hart, ’35). It was found that 0.5 per cent was 


*Published with the permission of the director of the Wisconsin Agricultural 
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definitely toxic within 6 weeks. One-tenth, 0.2, and 0.3 per 
cent levels were without obvious harm except for a response 
in blood cholesterol. The effects of NaF upon growth in the 
chick were found to be a slight retardation at a level of 0.07 
per cent while 0.09 and 0.10 per cent levels were sufficient to 
clearly retard growth within a period of 6 weeks. 


EXPERIMENTAL 


Two successive experiments were made. Day-old White 
Leghorn chicks were used in each case. The basal ration 
no. 351 (Kline, et al., ’°34) was composed of: 


Yellow corn 58 parts 
Wheat middlings parts 
Casein parts 
NaCl part 
CaCO, part 
Yeast part 
Ca,(PO,), part 
Cod liver oil part 
Dried liver residue parts 


NaF and desiccated thyroid were administered singly and 
in combination according to the following plan. 


Experiment 35A 
Lot Ration 


I Basal ration only 
II Basal ration + 0.22 per cent NaF (0.1 per cent F) 
III Basal ration only with intraperitoneal injections of NaF 
IV Ration of lot II with 0.2 per cent desiccated thyroid 
V_ Ration of lot II with 0.4 per cent desiccated thyroid 
VI Ration of lot II with 0.6 per cent desiccated thyroid 
VII Basal ration + 0.4 per cent desiccated thyroid 
VIII Basal ration + 0.6 per cent desiccated thyroid 


The results from this experiment suggested that the levels 
of fluorine and desiccated thyroid were sufficient to enhance 
their combined toxicity over that of either alone. Milder 
doses were then used in a second experiment with chicks. 
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Experiment 35B 
Lot Ration 


I Basal ration only 
II Basal ration + 0.2 per cent NaF (0.09 per cent F) 
III Basal ration only with intraperitoneal injections of NaF 
IV_ Ration of lot II with 0.05 per cent desiccated thyroid 
V_ Ration of lot II with 0.10 per cent desiccated thyroid 
VI Ration of lot II with 0.20 per cent desiccated thyroid 
VII Basal ration with 0.20 per cent desiccated thyroid 


The original plan for intraperitoneal injections of NaF was 
to inject a 0.9 per cent solution of NaF at a level of one-half 
of the quantity of fluorine ingested by lot II. This level was 
acutely toxic and killed the birds within 1 to 2 hours. Replace- 
ments were made at once and a graded series of injections 
started. The levels used were 8, 16, 32 and 64 mg. of F per 
kilogram of body weight. A group of 6-week-old White Leg- 
horn chicks were likewise injected. Physiological saline in- 
jections were made daily in several birds to serve as control 
animals for the lot. In experiment 35B all injections were 
made at the rate of 34 to 40 mg. of fluorine per kilogram of 
body weight. 

Feed consumption records, growth and survival data were 
obtained for each experiment. 


RESULTS 


A gross examination at post-mortem presented an interest- 
ing difference in the color of the musculature and in the giz- 
zards of the birds on this experiment. Those fed the basal 
ration, basal ration and mild doses of desiccated thyroid were 
normal light-colored carcasses. The gizzards were well 
muscled while the cornified inner lining was smooth, tough 
and contained few ulcer-like lesions. The carcasses of the 
fluorine-fed birds without exception were dark in color and 
approached a cyanotic condition. The cornified lining of the 
gizzard was considerably roughened and contained many 
ulcerated lesions. It was quite fragile and broke easily when 
subjected to slight tension. In the case of lot III where the 
birds were injected with NaF solutions the meat was very 
dark and cyanotic resembling the appearance of the dark 
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meat from game birds. The cornified lining of the gizzards 
from these birds was, however, quite smooth, tough and 
showed no sign of the ulcers noted in the lots fed NaF. 

A transitory paralysis of slight character appeared in 
nearly all birds fed 0.1 per cent, or more, of desiccated thyroid 
in combination with NaF. This condition was noted during 
the third and fourth weeks of the experiment. It automatically 
disappeared in the course of a few days. The paralysis was 
not observed to occur in the lots fed NaF or desiccated thyroid 
alone. 


I II TIIj Iv v 





Figure 1 


Inspection of table 1 indicates that the ingestion of fluorine 
ranged from 136 mg. of F per kilogram of body weight during 
the first week of the experiment to roughly 66 mg. per kilo- 
gram of body weight at the close of the experiment. Beyond 
the third week an average of 66 to 78 mg. of F per kilogram 
of body weight was ingested. This level of fluorine intake, or 
more, retarded growth as shown in figure 1. The effect upon 
growth seems to be a systemic reaction to fluorine. A toler- 
ated level of F compatible with life was apparently reached 
and food consumption restricted to that level. Normally the 
feed consumption of growing chicks increases 300 per cent 
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in 5 weeks and 500 per cent in 7 weeks. The levels of fluorine 
fed in these studies restricted the increase in feed consump- 
tion to 150 per cent at 5 weeks and 300 per cent at the end 
of 7 weeks. Thus the growth stimulus was held in abeyance 
by the restriction of feed consumption coincident with the 
development of fluorosis. That the effect was systemic in 
nature was further supported by the reaction of lot III to 
NaF injections. Here too, the feed consumption dropped in 
the proportions noted when NaF was fed. This evidence indi- 
cates clearly that the restriction of feed consumption was not 
a direct reaction from, or associated with the digestive tract. 

These experiments demonstrated the effects of various 
levels of desiccated thyroid upon the chick. Levels of 0.4 per 
cent and 0.6 per cent inhibited growth with the latter distinctly 
toxic. A level of 0.2 per cent had no inhibiting effect upon 
growth. An intake of 350 mg. of desiccated thyroid, or more, 
per kilogram of body weight retarded growth while approxi- 
mately 200 mg. was without effect. Desiccated thyroid when 
fed alone failed to restrict feed consumption. The inhibition 
of growth in this case appears to be a more rapid utilization 
of metabolites thus producing its effect in a distinctly differ- 
ent manner from that of fluorine. 

When NaF and thyroid were fed together the toxicity was 
markedly increased. Every combination of thyroid and NaF 
in experiment 35A was definitely more toxic than either sub- 
stance alone. Growth was curtailed sharply. Table 2 indi- 
cates that these combinations were sufficiently toxic to produce 
collapse and death within a very short time. An intake of ap- 
proximately 200 mg. of desiccated thyroid per kilogram of 
body weight which in itself was relatively harmless reduced 
the chick days survived to 60.5 per cent when fed with NaF. 
This was comparable to the highly toxic level of 0.6 per cent 
desiccated thyroid fed alone. 

In experiment 35B an average daily intake of approximately 
50 mg. of desiccated thyroid per kilogram of body weight 
proved ineffective in accentuating fluorine toxicity. When 
this level of ingestion was raised to a level of 100 or 200 mg. 
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per kilogram of body weight the survival period was lowered 
distinctly. It appeared that approximately 0.1 per cent of 
desiccated thyroid was necessary to augment the NaF action. 
At this level of feeding the intake of thyroid and fluorine 
were practically equal. 

The injection of NaF at the rate of 64 or more mg. of F 
per kilogram of body weight produced rapid collapse char- 
acterized by relaxation and extension of the wings, drooped 


TABLE 2 
Survival data of chicks on experiment 

















EXPERIMENT 35A EXPERIMENT 35B 
“’ 1 D Total D 
. t 8 . t | 
Lot N — of aumber of ensvived, Lot men <* of aumber of | enticed, 
casens chick days per cent = chick days | percent 
I 6 210 100.0 I 10 490 100.0 
II 6 186 88.5 II 10 490 | 100.0 
Ill 6 ne oe Iil 10 316 64.5 
IV 6 127 60.5 IV 10 490 100.0 
Vv 6 50 23.8 Vv 10 370 75.5 
VI 6 74 35.2 VI 10 337 68.7 
Vil 6 202 96.2 VII 10 433 88.4 
VIII 6 104 49.5 | 




















posture, hyperpnea followed by dyspnea, inactivity, rapid 
depression and death. Similar symptoms developed after 
each injection when doses sufficient to retard growth were 
given. Administration of NaF intraperitoneally was possible 
up to 40 mg. of F per kilogram of body weight. This level, 
as well as 16 mg., depressed growth significantly. Eight milli- 
grams of desiccated thyroid per kilogram of body weight were 
without demonstrable effect upon growth. Similar levels of 
fluoride injection produced the same type of response in the 
older chicks. 
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DISCUSSION 


The observations made in this study are of considerable 
interest in view of the high fluorine tolerance of this species. 
We have considered that the tolerance of this species might 
be due to less complete or selective absorption from the diges- 
tive tract, a difference in the enzymatic systems involved in 
cellular metabolism, or to more effective elimination. It is 
apparent from intraperitoneal injections that the high toler- 
ance to fluorine is not entirely due to incomplete or selective 
absorption. It appears likely that a combination of the other 
two factors operate to protect this species. However, the 
lower storage of fluorine in chronically poisoned hens, re- 
ported by Haman, Phillips and Halpin (’35), tends to indicate 
that more effective elimination plays an important role in the 
resistance of this species to chronic fluorine toxicosis. 

An explanation for the interaction of desiccated thyroid 
and NaF which results in an augmentation of toxicity is not 
possible at this time. It seems likely that the results obtained 
with the chick resemble those with the rat in which the meta- 
bolic rate was increased by feeding desiccated thyroid and 
NaF (Phillips, English and Hart, ’35). 


CONCLUSIONS 


The high tolerance of the growing chick to NaF administra- 
tion was again demonstrated. It appears that factors other 
than selective absorption are responsible for the fluorine 
tolerance of this species. Approximately 70 mg. of F per 
kilogram of body weight were necessary to inhibit growth 
in this species after the first week of life. This level of F 
intake inhibits growth through restriction of feed consump- 
tion. The intraperitoneal injection of NaF solutions likewise 
restricted feed consumption which indicates that the reaction 
to fluorine was systemic in nature and independent of any 
reaction via the digestive tract. The tolerance to intra- 
peritoneal injections of NaF solution was distinctly lower, 
64 mg. of F per kilogram of body weight were found to be 
lethal while 35 to 40 mg. per kilogram of body weight retarded 
growth. 
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The feeding of desiccated thyroid in amounts greater than 
350 mg. per kilogram of body weight definitely retarded 
growth while levels of 200 to 225 mg. per kilogram of body 
weight were without effect. Feed consumption was not re- 
stricted by desiccated thyroid feeding and differs in this 
respect from fluorine toxicosis. 

Non-toxic levels of desiccated thyroid were made distinctly 
toxic by chronic fluorosis induced by NaF feeding in the grow- 
ing chick. Growth was greatly retarded and the survival 
period shortened. The feeding of the relatively harmless levei 
of 0.2 per cent of desiccated thyroid with NaF produced re- 
sults similar to that of the highly toxic level of 0.6 per cent 
desiccated thyroid. Thus fluorine ingestion enhances the 
toxicity of desiccated thyroid or vice versa. 
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(Received for publication June 3, 1935) 


This paper continues the investigation previously reported 
(Guilbert and Hart, ’34). It attempts to elucidate some 
quantitative vitamin A relationships that are important from 
practical and from scientific viewpoints. The data presented, 
although dealing primarily with cattle, so extend the quantita- 
tive knowledge concerning vitamin A requirements in widely 
varying species that some broad generalizations may be made 
concerning the minimum requirement of mammals. 


STORAGE OF VITAMIN A IN CATTLE 


In the paper mentioned we showed that in cattle, as in other 
species, the vitamin A reserve of the newborn is low. The 
rate of storage, apparently, is relatively slow during the 
period of rapid growth and increases as the rate of growth 
decreases, so that maximum storage is obtained in the adult 
of advanced age. The data were presented in terms of rela- 
tive values per unit weight of liver. As opportunity afforded, 
further data have been collected from animals of known 
history; and from these it has been possible to estimate the 
total vitamin A reserve in the body. 

The carotene determinations were made by the colorimetric 
method on unsaponfiable fractions of liver and fat tissues, 

* This report is part of an investigation on the relation of nutrition to repro- 


duction which became cooperative with the United States Bureau of Animal 
Industry, July 1, 1929. 
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using the Sprague (’28) dye solutions standardized against 
beta carotene of high purity obtained through the courtesy 
of Dr. H. H. Strain, division of plant biology, Carnegie In- 
stitution of Washington, Stanford University. Since spectro- 
graphic equipment was not available, the vitamin A deter- 
minations were made upon the basis of the Carr and Price 
antimony trichloride reaction, the technic for which has been 
described (Guilbert and Hart, ’34). One color unit by this 
technic is approximately the equivalent of the color produced 
by 1 microgram of carotene reacting with 2 cc. of saturated 
solution of antimony trichloride in chloroform. In the hands 
of a practiced technician, the variation in judging this end 
point is about + 10 per cent. According to Moore (’33) and 
others, vitamin A gives approximately ten times as much color 
with antimony trichloride reagent as does an equivalent 
amount of carotene. The carotene content and total blue 
units were determined separately for both liver and adipose 
tissues. The number of blue units attributable to carotene 
were deducted from the total blue units; and the remainder, 
divided by the factor 10, gave a rough estimate of the number 
of micrograms of vitamin A present. Carotene and total 
blue-unit determinations were made on both abdominal and 
back fat, and the mean values were used in the calculations. 
The total fat in the body was estimated by the formulae of 
Lusk (’26). Liver weight, when not obtained, was calculated 
as 1 per cent of body weight. Swett, Graves and Miller (’28) 
have shown that in very fat beef animals the liver weight may 
be less than 1 per cent of the live weight, while Swett, Miller, 
Graves and Mathews (’33) in their extensive data on dairy 
cattle have found that the liver weight averages about 1.3 per 
cent of the live weight. Estimating the liver weight, there- 
fore, does not introduce serious errors for the present pur- 
pose. In cattle whose livers had 300 to 500 blue units of 
vitamin A per gram, the lung and spleen extracts gave nega- 
tive tests for vitamin A, and the kidneys contained only 1 
to 5 units per gram. The amount of vitamin A reserve in 
tissues other than fat, liver and blood serum may be con- 
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sidered negligible. Semb, Baumann and Steenbock (’34) pre- 
sented data suggesting that the blood stream of cattle may 
function as a significant storage reserve for carotene—a 
source not considered in the data presented in table 1. 

Animals nos. 27, 32, 29 and 18 had been used in an experi- 
ment on phosphorus deficiency as influencing energy utiliza- 
tion. Nos. 27 and 32 were fed low phosphorus rations, 
whereas nos. 29 and 18 were the controls. All were placed 
on experiment at about 1 year of age. Before this time they 
had access to green feed constantly. During the first 22 
months of the experimental period the vitamin A was fur- 
nished by 0.9 to 1.4 kg. of fair quality field-cured alfalfa meal 
and about 30 ce. of cod liver oil daily. During the last 8 
months the alfalfa was omitted, and 30 ec. of cod liver oil 
daily constituted practically the sole source of vitamin A. 
The feed consumption of these animals was low, especially 
for those receiving inadequate phosphorus. During the last 
8 months the rations contained no roughage. The livers were 
below average in weight. Although the cod liver oil used was 
biologically tested by the manufacturer, a later antimony 
trichloride test showed that it had comparatively low potency. 
The final reserves of the animals were probably lower than 
at the beginning of the experiment. 

The remainder of the animals were from the university 
beef herd, and all had had access to green feed and alfalfa 
hay in abundance throughout their lives. Nos. 26 and 275 had 
finished lactation periods shortly before being slaughtered. 
No. 96 had not lactated for about a year. Her liver storage 
represented the highest values obtained from old cows that 
have had ample opportunity for storage throughout their 
lives. 

DISCUSSION 

According to the data for the first four animals in table 1, 
the tissues were almost carotenoid-free, and the total reserve 
was significantly lower than in younger animals having access 
to abundant green feed. The reserves in the 2-year-old heifers 
(nos. 469 and 448) were much lower per unit weight of liver 
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and in total amount than those in the adult cows. The pro- 
portion of the total vitamin A reserve found in the body fat 
varied from 7 to 33 per cent. In the normally fed animals the 
liver reserve was largely vitamin A, whereas in the fat tissue 
the blue value obtained only slightly exceeded that attributa- 
ble to the carotene content, showing that this part of the 
reserve existed largely as carotene. 


TABLE 1 
Storage of vitamin A and carotene 





| 
CAROTENE. | VITAMIN A, 
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CAROTENE AND 
MICROGRAMS MICROGRAMS 
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AND 
VITAMIN A IN 
MILLIGRAMS 


PER GRAM PER GRAM 


Body | 
fat 





KILOGRAMS 
KILOGRAMS 


BODY FAT, 
KILOGRAMS 


| 


Liver | ety | Liver 


ANIMAL NO. 
LIVE WEIGHT, 
LIVER WEIGHT, 
WEIGHT OF 


| 
ody | 1; | 
fat. | Liver 


| 








3.05 | 80° |Trace|Trace| 31 | 0.15 | 95)| 12 

| 2.77 | 70° |Trace|Trace| 35 | 0.33 97 23 

3.27 | 130° |Trace|Trace| 42 | 0.15 | 137| 20 

3.60 | 135° |Trace|Trace| 50 | 0.10 | 180| 14 

469 4.80° 100° | 3.5 | 1.7 | 100 | 0.60 | 497 | 230 
| 0.40 | 432 | 147 

200 | 0.50 | 1315 | 422 


| 200 | 0.30 | 1165 | 577 
96 | 590 | 5.90? | 1647 | 6.5 | 5.2 | 450 | 0.30 | 2693 | 902 


* Computed by the formula of Lusk (’26). Percentage of fat in entire animal = 
9.073 (per cent of caul fat to live weight) + 0.936 (dressing per cent) — 44.96 
per cent. 

* Estimated as 1 per cent of the body weight. 

* Estimated by the formula of Lusk (’26). Per cent of fat in entire animal = 
1.782 X dressing per cent — 86.4 per cent. 





275 6.20° | 176° | 12.0 | 1.9 
26 | | 566 | 5.607; 85° | 80 | 65 








448 5.207 | 105* 3.0 | 1.0 | 80 
| 
| 
| 





About 225 days were required to deplete the vitamin A 
reserves of animals whose controls were autopsied and found 
to have liver storage similar to that of nos. 469 and 448. 
If it is assumed that the reserves of these animals (nos. 469 
and 448) including an average amount in the blood serum, 
would suffice for a similar period, the indicated withdrawal 
from storage is 4 to 5 mg. daily, or about 9 to 11 micrograms 
per kilogram live weight daily. 

Because of the limitations in accuracy of the vitamin A 
determination and the calculations involved, these figures are 
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admittedly open to criticism; but we present them because 
they give greater insight into quantitative relationships with 
regard to cattle than has been obtained heretofore. Bau- 
mann, Riising and Steenbock (’34a) have presented data 
showing that the rate of depletion of vitamin A stores in rats 
decreased as the depletion advanced, that is, as the reserves 
became smaller. Our data on cattle, although limited to a 
few animals, showed the same tendency. Furthermore, a daily 
allowance of carotene approximating the minimum require- 
ments for health and normal gain, when added to a carotenoid- 
deficient basal ration, had little or no sparing action on the 
rate of loss from storage (Guilbert and Hart, ’34). As Bau- 
mann, Riising and Steenbock (’34) have shown, the daily 
intake of vitamin A must considerably exceed the minimum 
requirement for normal growth before storage occurs. Evi- 
dently the intake must be in considerable excess of daily 
requirement either to maintain already existing reserves or 
to provide for storage in depleted animals. The estimation 
of minimum requirement by studying the rate of depletion of 
reserves, therefore, has limitations. On the other hand the 
estimate of 9 to 11 micrograms per kilogram live weight ap- 
pears significant when considered along with the direct deter- 
mination of carotene requirement of depleted cattle discussed 
in the next section of this paper. 

Young pasture grass or fresh green alfalfa ordinarily con- 
tains 35 to 50 mg. of carotene per 100 gm. of dry matter. 
Abont 10 kg. of dry matter, therefore, would furnish 3.5 to 
5.0 gm. of carotene—an amount equivalent to the estimated 
maximum storage in a very fat, aged cow that had had access 
to green feed in abundance throughout her life. 

The admission of relatively large errors in the estimations 
of storage would not detract from the conclusion that cattle 
ingest in a few days’ grazing on green forage more carotene 
than they store (as carotene and vitamin A) in a lifetime. 
The fact that during the first 2 or 3 years of life the concen- 
tration of reserves in the tissues does not nearly approach 
that found in aged cattle would indicate that the rate of stor- 
age is slow. A depleted cow, no. 440, however, fed about 15 
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gm. of carotene in freshly cut alfalfa during a 13-day period, 
stored approximately 400 mg. or 2.7 per cent of that ingested 
—an average of 30 mg. daily in excess of her daily require- 
ment. The concentration in the liver of 500 blue units per 
gram was similar to that of 1- to 2-year-old cattle kept under 
optimum conditions. This fact suggests that storage may be 
comparatively rapid until a certain level is reached but that 
further concentration in the tissues may proceed more slowly. 
The percentage recovery by this cow compares favorably with 
the recovery of carotene by rats, as reported by Davies and 
Moore (’34). 


MINIMUM CAROTENE REQUIREMENT OF CATTLE 


In a study of the effect of various nutritional deficiencies in 
beef cattle during gestation and lactation, a number of ani- 
mals were depleted of their vitamin A reserves. During the 
earlier investigations, animals receiving 1 pound daily of a 
fairly green chopped alfalfa hay in addition to vitamin A 


low basal rations showed no clinical symptoms of deficiency 
after a period 7 months longer than was required to deplete 
similar animals on the basal ration alone. Two of these ani- 
mals exhibited no symptoms even though their milk was so 
deficient in vitamin A that their nursing calves developed 
definite night blindness and other deficiency symptoms. Thus 
we had fed empirically an amount of hay with carotene con- 
tent close to the minimum to prevent the onset of deficiency 
symptoms. This was the starting point for study of minimum 
requirement by the curative method with ten experimental 
animals, nos. 410, 426, 429, 434, 438, 440, G54, 541, 542 and 543. 

The concentrate mixtures used in the various basal rations 
given these animals are shown in table 2. 

The carotene content of the concentrate mixtures was less 
than 0.02 mg. per cent. For roughage, well-bleached wheat 
or barley straw was used with only a trace of carotene in the 
extract from 100 gm. Thus the carotene in the basal rations 
was practically negligible. 
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The carotene determinations on the alfalfa supplement were 
made colorimetrically, using the technic described by Guilbert 
(’35). From November, 1934, the dehydrated alfalfa meal 
substituted for chopped alfalfa hay was kept in a refrigerator 
at about 5°C., a temperature which practically eliminates 
deterioration in carotene content. Samples for analysis were 
collected as the individual feeds were being weighed into 
paper bags for each animal. Sufficient feeds were weighed at 
one time to last 1 to 2 weeks. Carotene determinations on the 
composite samples were made at monthly intervals. The 


TABLE 2 
Concentrate mixtures used in various basal rations 





CONCENTRATE MIXTURE NO. 





2 8 4 5 








Per cent Per cent | Per cent 


Dried molasses beet pulp J 98.0 70.0 
Rolled barley 14.0 34.5 
Rolled oats 27.0 
Wheat bran 27.0 
Cottonseed meal 14.5 10.0 
CaCO, ‘ 0.5 J 1.5 
Mono-calcium phosphate or decarbonized | 

bone black 2.0 1.0 
Per eent digestible crude protein | 5.0 5.0 9.5 10.0 12.7 
Per cent calcium | 1.0 0.9 0.9 0.9 0.7 
Per cent phosphorus 0.06 0.4 0.4 0.3 0.7 























samples were kept in sealed jars and were stored at a tem- 
perature of about — 5°C. until analysed. 

The nine animals used varied in age from 7 months to 
4 years and in weight from 130 to 500 kg. They were fed 
individually and had the run of paved corrals with access to 
direct sunlight except at feeding time. 

Recovery experiments were started when the animals ex- 
hibited complete blindness in semi-darkness. In most cases 
they also showed nervous symptoms (convulsions). Starting 
with small amounts of chopped alfalfa hay or dehydrated 
alfalfa meal of known carotene content, the dose was increased 
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at intervals until the amount ingested was sufficient to provide 
for normal weight increases and to cure all clinical symptoms 
of deficiency. Sub-optimum levels of carotene intake were at- 
tained that permitted nearly normal growth yet night blind- 
ness persisted. The level of carotene intake at which night 
blindness disappeared permitted gains up to 1.3 kg. daily. 
The presence or absence of night blindness, the first detect- 
able clinical symptom of deficiency, therefore constituted a 
delicate index upon which minimum requirement could be 
based. All animals were tested for night blindness at fre- 
quent intervals by driving them about the corrals in twilight, 
moonlight, or dim electric light. By this means the normal 
and deficient animals were readily detected. 

The minimum carotene requirement was established by re- 
peatedly increasing or decreasing the intake of alfalfa sup- 
plement by each animal until night blindness and other 
symptoms disappeared or reappeared. The chopped alfalfa 
hay used varied in carotene content from 2.1 to 3.3 mg. per 
cent, while the dehydrated alfalfa meal varied from 11.6 to 
18.9 mg. per cent. The response in all cases was proportional 
to the amount of carotene ingested. To obtain further evi- 
dence relative to the possibility of factors other than vitamin 
A being involved, three animals exhibiting deficiency symp- 
toms were given either halibut or cod liver oil. All clinical 
symptoms disappeared in the same manner as when alfalfa 
was fed and weight increases were resumed. 

After 2 years of experiment with these animals involving 
long growth periods with the younger animals and the entire 
gestation period of one of the cows it was evident that the 
daily minimum requirement of carotene as supplied by alfalfa 
lay between 26 and 33 micrograms per kilogram live weight. 
In most instances symptoms recurred when the level of caro- 
tene intake fell below 29 micrograms per kilogram live weight. 
Symptoms regularly reappeared within 2 weeks after the sup- 
plement was withdrawn from the ration of animals that had 
been receiving the minimum level, showing that very little 
storage occurred. 
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Three animals were finally allowed to reach advanced stages 
of deficiency involving total blindness, frequent convulsions, 
diarrhea, failure of appetite, emaciation and in two of the 
cases clouding of the corneas. One of the animals died during 
a convulsion and a histological examination was made of some 
of the tissues. The remaining two animals were given vita- 
min A supplements. One of these, a bull, was given two sub- 
cutaneous injections of 100 mg. each of carotene dissolved in 
olive oil, at intervals of 2 weeks. A corneal lesion disappeared 
in 5 days and slight improvement in physical condition oc- 
curred, but there was no weight increase during a period of 
1 month. At the end of this time 0.5 ce. of halibut liver oil 
was administered daily, and was followed by remarkable re- 
sponse both in weight increase and improvement in physical 
appearance. After 30 days alfalfa was substituted for the 
liver oil and improvement continued. The animal remained 
permanently blind. It fully recovered in other respects, was 
an active breeder and the semen contained motile sperm. The 


other animal, a heifer, recovered nearly normal vision in day- 
light, but still shows after several months, defective vision 
in twilight, regardless of the amount of vitamin A or carotene 
fed, indicating an impairment of a permanent nature as con- 
trasted with simple night blindness. 


DISCUSSION 


Minimum requirement. From the above data the daily 
minimum carotene requirement of cattle is 26 to 33 micro- 
grams per kilogram live weight. Carotene intake at the level 
of about 29 micrograms per kilogram live weight prevented 
or cured clinical symptoms of deficiency and permitted normal 
weight increases when the basal ration was otherwise adequate 
and not restricted in amount. When the carotene intake fell 
below this level, clinical symptoms reappeared simultaneously 
with cessation or reduction in weight increases. No detectable 
difference in response occurred when the same level of caro- 
tene intake was attained by feeding either a field-cured hay or 
about one-tenth this quantity of dehydrated meal. Cod liver 
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oil or halibut liver oil produced the same response in deficient 
animals as alfalfa. 

The minimum daily requirement of 26 to 33 micrograms of 
carotene per kilogram live weight, when furnished by alfalfa, 
is significantly close to the estimated daily withdrawal of re- 
serves from storage of 9 to 11 micrograms per kilogram live 
weight, considering the amount of decomposition of ingested 
carotene that is liable to occur in the digestive tract. 

Since the minimum level of carotene intake appeared to be 
the same per unit of body weight in cattle varying from about 
130 kg. to 500 kg., the question arises whether or not vitamin 
A requirement is related to the amount of body substance or 
to energy requirement. The differences in body size are not 
sufficient to give convincing evidence on this point from the 
cattle data alone. In order to examine this question further, 
data on species varying in size from the rat to the cow have 
been assembled in table 3. Comparable data were used with 
reference to minimum requirement for growth approaching 
normal and the prevention of clinical symptoms. 

When the data are calculated to micrograms of carotene 
or vitamin A per kilogram body weight, the agreement is ex- 
ceedingly good in mammals varying in size from 100-gm. rats 
to 500-kg. cows. Dunlop’s data (’34) on swine have rather 
wide limits: the low level sufficed for nearly normal gains, 
but deficiency symptoms persisted; the high level exceeded 
minimum requirement and provided for considerable storage. 
The minimum requirement, therefore, was probably closer to 
13 micrograms per kilogram than to 60 micrograms per kilo- 
gram. The mean is, however, fairly close to the values for 
the rat and the cow. 

If the metabolism of rats and cattle were proportional to 
the body surfaces or the two-thirds power of the body weight 
then the metabolism per unit of body weight should be 17.1 
times greater in 100-gm. rats than in 500 kg. cows. If the 
metabolism is proportional to the three-fourths power of the 
body weight (Kleiber, ’32) the rat should have a metabolic 
rate 8.4 times that of the cow. To be proportional to energy 
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requirement, therefore, the vitamin A requirement per unit 
of body weight would have to be from eight to seventeen times 
greater in the 100-gm. rat than in the 500-kg. cow. Since, 
however, the requirement per kilogram of body weight is 
practically the same for species varying so much in size and 
in other characteristics as the rat, the pig, and the cow, we 
feel justified in advancing the hypothesis that the vitamin A 
requirement is proportional to body weight and that in mam- 
mals it is in the order of 20 to 30 micrograms per kilogram 
of body weight. Confirmation of this generalization has been 
obtained in experiments at this station with swine (Hughes 
and Guilbert, unpublished data) and with sheep (Miller and 
Guilbert, unpublished data). 

If vitamin A requirement is directly proportional to body 
weight while energy intake is proportional to the three-fourths 
(or two-thirds) power of the body weight, then, other factors 
being equal, the percentage of vitamin A in the ration must 
be increased as body size increases to compensate for the 
decrease in food consumption per unit of body weight. Some 
of the errors and difficulties encountered in the past in ap- 
plying data from one species to another may be explained on 
this basis. The general impression that young, rapidly grow- 
ing animals have a higher vitamin A requirement than adults 
is explained largely by the fact that young animals are de- 
pleted sooner than older ones on the same deficient diet. 
This can be explained on the basis of lower reserves in the 
young animal and ‘dilution’ of the reserve as body size in- 
creases. 

As shown in table 3, the minimum requirement of chickens 
and turkeys per kilogram of body weight appears to be much 
higher than that of the mammals studied. In this connection 
the data of Kline, Schultz and Hart (’32) are especially valu- 
able. Birds receiving daily 30 micrograms of carotene (dis- 
solved in cottonseed oil) gained normally until they attained 
400 gm. in weight, then the allowance became inadequate. The 
experiments of Guilbert and Hinshaw (’34) offer further evi- 
dence that the requirement is related to body weight rather 
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than to total food consumption. Growth, liver storage data 
and clinical observation all showed that adding 2 and 4 per 
cent of dehydrated alfalfa meal to an otherwise vitamin A 
deficient ration fed to chickens gave results comparable to 
those obtained by adding 4 and 8 per cent, respectively to the 
same basal ration fed to turkeys. The food consumption of 
the chickens per unit of body weight, however, was approxi- 
mately double that of the turkeys, so that the carotene intake 
per kilogram of body weight was in good agreement, as shown 
in table 3. The carotene intake by chickens on the 2 per cent 
alfalfa meal level was slightly more per unit of body weight 
than that of the turkeys on the 4 per cent level. Symptoms 
of deficiency developed in some of the turkeys but not in the 
chickens. This level in chickens appeared close to the mini- 
mum and indicates that the availability of carotene in alfalfa 
for this species is not so high as the availability of carotene 
in oil. 

Requirement for reproduction. The evidence on the mini- 
mum requirement for reproduction may be summarized as 
follows: Five females began their gestation periods with 
normal storage and were limited to a daily allowance of 9.5 
to 15 mg. of carotene, furnished by 1 to 1.5 pounds of alfalfa 
hay. As has been shown previously, this amount does not 
prevent storage losses from occurring at about the same rate 
as when none is fed, at least during the first half of the de- 
pletion period. Six calves were produced by these animals. 
Two successive calves from no. 438 developed diarrhea and 
died during the first week. Two calves from nos. 410 and 
G 54, respectively, developed diarrhea, became very weak, but 
recovered after cod liver oil therapy; one calf from no. 440 
recovered from severe diarrhea during the first week without 
treatment; and one calf from no. 434 was practically normal. 
The liver of one calf that died contained a trace of vitamin A; 
the liver of the other contained none. Evidently the mothers’ 
reserves were low, and a carotene intake at approximately 
the minimum level for the mother was insufficient for the pro- 
duction of normal calves. In contrast to these animals, heifer 
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no. 426 began her gestation period with no reserve of vitamin 
A. The daily intake of carotene for the first 8 months of preg- 
nancy (during which she was not lactating) averaged about 
30 micrograms per kilogram live weight. During the ninth 
month the amount was increased to a little more than three 
times the minimum (90 micrograms per kilogram live weight), 
and a normal calf was produced. It showed no symptoms of 
deficiency the first 2 months of nursing, during which the 
daily carotene intake of the mother was at the level of 143 
micrograms per kilogram live weight. 

The minimum carotene requirement for the production of 
milk containing optimal amounts of vitamin A and carotene 
according to the data of Semb, Baumann and Steenbock (’34) 
greatly exceeds the animals’ minimum requirement plus the 
amount recovered in the milk. 

Nos. 426 and 410 came into oestrum during the time they 
exhibited night blindness and convusions. No. 410 accepted 
service but did not conceive. 

Clinical symptoms. Night blindness precedes nervous symp- 
toms by one to several weeks. In the early stages, convulsive 
seizures were sudden, the animal falling as though stunned. 
Later the animals appeared to feel the attack coming on and 
braced themselves against falling, swaying from side to side 
before going down. The attacks lasted from one to several 
minutes. Total blindness was commonly the next stage and 
involved, presumably, degenerative changes in the optic 
nerves. The pupils became widely dilated. At this time a 
rather characteristic greenish color from the retina is mani- 
fested when looking through the cornea with the animal facing 
the light. Ophthalmoscopic examination made at night, showed 
this change more distinctly when compared with the yellowish 
color of the retina in normal animals. Clouding of the cornea 
appeared, in our experience, in the later stages of deficiency. 
The onset of symptoms may vary somewhat in different indi- 
viduals and various localized paralyses may occur. 

Blindness at birth in the second calf from cow no. 429 is 
interesting in the light of previous publications describing 
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similar conditions. This cow was on minimum vitamin A 
during her first gestation period, the intake being limited to 
that contained in 1 pound of alfalfa hay daily from November 
23, 1932 to September 26, 1933. On the latter date she was 
bred, and the alfalfa hay was removed from her diet. She 
definitely exhibited night blindness on March 6, 1934, in the 
fifth month of pregnancy. From this time on, ample vitamin 
A was supplied to ascertain what affect this recognizable 
deficiency early in pregnancy might have on the offspring. 

Crocker (’19) reported blindness caused in newborn calves 
from what he termed insidious rachitis. There were sixteen 
cases in Guernseys on two farms in Pennsylvania. No ex- 
ternal change was present in the eyes. The dams were all 
on high concentrate and low roughage feeding for intensive 
production. On post-mortem the affected calves showed 
stenosis of the optic canal with chronic optic neuritis, and the 
condition was diagnosed as insidious rachitis with deforma- 
tion of the sphenoid bone. 

de Schweinitz (’31) and de Schweinitz and De Long (’34) 
have published on a similar condition in calves from Guernsey 
cows under the name of papilledema or choked disc, with the 
suggestion that the defect may be hereditary. A paper by 
Moore, Huffman and Duncan (’35) describes twenty-four 
cases in calves and growing dairy animals, of a type of nutri- 
tional blindness which the authors state apparently differs 
from true vitamin A blindness. In their cases blindness with- 
out inflammation of the external eye structure was associated 
with weakness, spasms, and paralysis. We have considered 
this syndrome in our experimental animals to be character- 
istic of vitamin A deficiency in cattle, although we have seen 
marked ulceration of the cornea in some naturally occurring 
eases (Hart and Guilbert, ’33) and in some of the animals in 
the experiments of Mead and Regan (’31). 

Degeneration of nerve tissue, including that of the optic 
nerve, is well established in vitamin A deficiency. All the 
cases reported by the workers mentioned above appear to us 
to be manifestations of vitamin A deficiency. Since the de- 
fective sight can be corrected if vitamin A therapy is started 
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in time, evidently the stenosis of the optic canal is secondary 
to degenerative changes and to atrophy of the optic nerve. 

One case of edema of the legs similar to those reported by 
Bechdel, Honeywell and Dutcher (’28) was observed. It is 
suggested that the edema may be concerned with renal in- 
volvement. Direct proof, however, is lacking, for the total 
non-protein nitrogen of the blood serum was normal in our 
ease. No urine examination was made. 

Degenerative changes in the kidneys of cattle appear to be 
common in advanced deficiency. No sperm were found in the 
testes of bull no. 541 that died of vitamin A deficiency. Al- 
though the microscopic picture of sections of testicle and 
kidney may have been complicated by post-mortem changes, 
there was good evidence of degenerative alterations attributa- 
ble to deficiency. 


SUMMARY 


The total storage of vitamin A and carotene in the liver 
and body fat of cows 2 to 18 years old, which had access to 
green feed in abundance throughout life, was estimated to be 
about 0.6 to 0.7 gm. in the younger animals and up to 3.6 gm. 
in aged cows. From 67 to 93 per cent of the storage was in 
the liver. The amount in other organs was negligible. In the 
liver most of the storage was in the form of vitamin A, 
whereas in the fat, carotene predominated. 

A comparison between the estimated total storage, including 
that in the blood stream, and the time required to deplete 
similar animals on a carotenoid-deficient ration, indicated 
a daily withdrawal of 9 to 11 micrograms per kilogram live 
weight. 

Cattle may ingest more carotene in a few days’ grazing on 
green pasture than is stored in the body of a very fat old 
cow that has had continual access to green feed or alfalfa 
hay. A cow whose reserves were depleted stored about 400 
mg. of carotene in a 13-day period, during which she ingested 
240 kg. of freshly cut alfalfa containing about 15 gm. of 
carotene. Although the percentage recovery was low (2.7 
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per cent), a relatively rapid storage was shown. The con- 
centration of the reserves of young animals as compared with 
that of aged adults, however, suggests that reserves above a 
certain level are accumulated slowly. 

Subcutaneous injections of carotene, dissolved in olive oil, 
into a vitamin A deficient calf were followed by disappearance 
of a corneal lesion and by slight improvement in physical 
condition; but gain in weight did not occur. Apparently the 
injected carotene was slowly absorbed or poorly utilized. 

Night blindness was found to be the first detectable clinical 
symptom of vitamin A deficiency and to constitute a delicate 
index upon which minimum requirements could be based. The 
progressive development of other symptoms of deficiency is 
presented in the discussion. 

The daily minimum carotene requirement of the bovine is 
26 to 33 micrograms per kilogram live weight. Carotene in- 
take at the level of 29 micrograms per kilogram daily pre- 
vented or cured clinical symptoms, including night blindness, 
and promoted normal weight increases; yet it resulted in no 
storage. When the intake fell below this level, night blindness 
reappeared, and gains decreased. 

Normal reproduction occurred in one instance in a cow that 
began gestation with no reserve and whose carotene intake 
was maintained at about the minimum level until the last 
month of pregnancy, when it was increased about threefold. 

Vitamin A deficiency that had progressed to the point of 
night blindness and convulsions did not inhibit the occurrence 
of oestrus. 

From a study of the minimum requirement to prevent or 
cure symptoms of deficiency and to permit growth at approxi- 
mately the normal rate in rats, swine, sheep, and cattle, the 
hypothesis is advanced that vitamin A requirement is related 
to body weight rather than to energy requirement and that 
the minimum requirement of mammals is in the order of 20 
to 30 micrograms of vitamin A or carotene daily per kilogram 
of body weight. This implies that, to compensate for lower 
food consumption per unit of weight, large animals require 
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a higher percentage of vitamin A in the diet than do small 
animals. 

The carotene requirement per unit of body weight of 
chickens and turkeys appears to be equal, but the require- 
ment of both species is considerably higher than that of the 
mammals studied, thus indicating a difference between birds 
and mammals in this regard. 
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That the kidney performs work in the concentration of the 
urine cannot be denied. This has been well proved by the 
experiments of Barcroft and Brodie (’05, ’06) and by Hayman 
and Schmidt (’27-’28) by means of studies of the blood gases 
and by Tangl (’11, ’13) who studied the energy metabolism 


of dogs before and after complete nephrectomy. Tangl con- 
cluded that the energy production of the kidneys was equal to 
about 8 per cent of the total metabolism. In this paper, we 
are concerned chiefly with the work of the kidney as a pos- 
sible cause of the specific dynamic action of proteins. 
Tangl (’11) administered 10 and 12 gm. of urea to dogs 
by stomach and obtained only a slight rise in metabolism. 
However, in one dog, the intravenous injection of urea caused 
a considerable increase in oxygen consumption (27 per cent). 
Lusk (’12) concluded from two experiments on a dog that the 
administration of urea by stomach tube caused no increase 
in heat production. These results were confirmed by Grafe 
(716). Lublin (’28) reinvestigated the subject and reported 
an increase in metabolism not only when he administered 
urea, but also when he secured diuresis by giving large 
amounts of water by mouth. In his experiments the increased 
heat production was usually coincident with the greatest 
diuresis instead of occurring during concentration of the 


urine. 
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Borsook and Winegarden (’31a,b,c) after a mathemati- 
eal study of many of the important papers concerning the 
specific dynamic action of proteins came to the conclusion 
that 25 to 60 per cent of the specific dynamic action of pro- 
teins is due to the work of the kidney, that the energy con- 
sumed by the kidney is 6 to 11 Cal. per gram of nitrogen 
excreted and that the efficiency of the kidney is probably not 
more than 1 to 2 per cent. They also report on experiments 
carried out using students as subjects. The subjects were 
apparently untrained and a clinical type of apparatus was 
used for the metabolic determinations. 


METHODS 


The three authors and a departmental technician served as 
subjects for this series of experiments. None of them showed 
any kidney disease. All were thoroughly accustomed to 
metabolic determinations, having served as subjects for previ- 
ous experiments. A light dinner was eaten the night previous 


to the test, a good sleep of 8 hours or more was obtained and 
no food or beverage, except water, was consumed until the 
completion of the experiment. Most of the experimental 
period was spent resting quietly on the metabolism cot. 

One basal determination was made each morning after 
which the urea solution was drunk. In most cases 30 gm. of 
urea were given and any exceptions are noted in the table. 
Four further metabolic determinations were made during the 
successive 4 hours. Control days, when no urea was taken, 
were interposed. 

The air samples were collected in a Tissot spirometer and 
analyses of this expired air were made and carefully checked 
by means of a modified Haldane analyzer accurate to 0.005 per 
cent. All analyses were made by the same individual. The 
accuracy of the apparatus was checked by frequent analyses 
of outdoor air. 

Urine samples were collected hourly unless otherwise noted 
in the table. Each sample was measured and the specific 
gravity estimated by means of a urinometer. Nitrogen deter- 
minations were carried out in duplicate by the usual macro 
Kjeldahl method. 





TABLE 1 
Subject I, white female 


6/19/34 
Cal./hr. ec. urine/hr. Sp. gr. 
Basal 54.2 289 1,004 
10 gm. urea in 400 ce. warm water and 400 
1st hour 54.4 316 1.004 
2nd hour 54.3 274" 1.005 
3rd hour 53.8 274* 1.005 
4th hour 54.0 487 1.002 
Total change — 0.3 Cal. 
* Collected and analyzed together. 


7/10/34 


Basal 54.2 300 1.002 

20 gm. urea in 400 ec. warm water and 400 
1st hour 54.0 353 1,002 
2nd hour 51.0 485 1.003 
3rd hour 51.8 262 1.004 
4th hour 51.3 590 1,001 
Total change — 6.7 Cal. 


1/9/35 
Basal 56.0 175 1.006 


Per cent Nz Gm. N3/hr. 
0.081 0.234 
ec. water through day 
0.235 0.739 
0.218 0.597 
0.218 0.597 
0.059 0.287 


0.081 0.243 
ec. water through day 
0.207 0.731 
0.206 0.999 
0.361 0.946 
0.146 0.861 


400 ec. warm water, no urea 


Ist hour 56.4 378 1.001 
2nd hour 53.6 162 1.005 
3rd hour 54.6 198 1.001 
4th hour §2.1 48 1.011 
Total change — 7.7 Cal. 


1/14/35 

Basal 52.7 289 1.005 

400 ec. warm water and 400 ce. warm water 
lst hour 53.7 143 1.005 
2nd hour 52.9 147 1.003 
3rd hour 52.7 309 1.002 
4th hour 55.4 105 1.004 
Total change + 3.9 Cal. 


1/18/35 
Basal 54.2 366 1,003 


0.143 0.413 
through day, no urea 
0.188 0.269 
0.165 0.243 
0.121 0.374 
0.269 0.282 


0.162 


30 gm. urea and approximately 600 cc. warm water 


Ist hour 53.7 324 eee 
2nd hour 53.8 166 1.013 
3rd hour 53.4 116 1.015 

Approximately 500 ce. warm 
4th hour 54.9 227 1,004 
Total change — 1.0 Cal. 


0.540 

1,123 

0.930 
water 

0.437 





Basal 


TABLE 1—Continued 
Subject II, white female 
1/23/35 
Cal./hr. ce, urine/hr. Sp. gr. 
48.7 22 1.026 


Per cent Ng 
1.260 


Gm. No/hr. 
0.277 


Approximately 600 ce. water and approximately 400 ce. water through day, no urea 


ist hour 
2nd hour 
3rd hour 
4th hour 


53.9 90 1,009 
52.6 47 
53.1 29 
52.4 229 


Total change + 17.2 Cal. 


Basal 


lst hour 
2nd hour 
3rd hour 
4th hour 


1/28/35 
51.4 21 


50.9 200 1.012 
55.6 164 1.013 
49.5 112 1.014 
49.5 107 1,017 


Total change — 0.5 Cal. 


Basal 


lst hour 
2nd hour 
3rd hour 
4th hour 


2/6/35 
51.7 61 1,008 


49.4 440 1,003 
52.8 227 1,010 
51.7 170 1.013 
49.8 160 1.013 


0.538 
0.694 
0.980 
0.227 


1.565 


30 gm. urea with approximately 1000 cc. water 


0.787 
1.140 
1.378 
1,442 


0.336 


30 gm. urea with approximately 600 ec. water 


0.319 
0.675 
0.973 
1,002 


0.484 
0.326 
0.284 
0.520 


Total change — 3.1 Cal. 


2/13/35 
Basal 51.7 275 1.002 0.085 
30 gm. urea with approximately 600 ec. water 

1st hour §1.1 350 1.004 0.332 
2nd hour 52.0 221 1.013 0.973 
8rd hour 48.9 204 1.011 1.025 
4th hour 54.3 384 1.008 0.449 
Total change — 0.5 Cal. 


Subject III, white male 
6/21/34 
Basal 65.1 144 1.004 0.224 
20 gm. urea in approximately 500 ec. water 
ist hour 67.3 512 1,003 0.218 
2nd hour 64.5 485 1.003 0.280 
3rd hour 64.5 416 1.002 0.246 
4th hour 64.0 423 bens 0.246 
Total change — 0.1 Cal. 
6/29/35 
Basal 61.2 139 1.006 0.370 
20 gm. urea in approximately 800 cc. water 
1st hour 63.7 372 1,003 0.302 
2nd hour 63.6 108 1.004 0.633 
3rd hour 60.9 225 1.005 0.546 
4th hour 60.1 300 1.003 0.339 
Total change + 3.5 Cal. 
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TABLE 1—Continued 
1/15/35 
Cal./hr. cc, urine/hr. Sp. gr. Per cent Nz Gm, N2/hr. 
Basal 65.4 190 1.007 0.342 0.650 
Approximately 600 cc. water, no urea 

1st hour 61.5 364 1.005 0.207 0.753 
2nd hour 66.2 428 1.004 0.176 0.753 
3rd hour 66.0 410 1.004 0.221 0.906 
4th hour 65.3 258 1.006 0.277 0.715 
Total change — 2.6 Cal. 

1/24/35 


Basal 62.8 120 1.010 0.580 

30 gm. urea in approximately 500 ce. water 
Ist hour 63.9 215 1.007 0.636 
2nd hour 64.2 111 1.013 1,422 
3rd hour 61.8 144 1,010 1.162 
4th hour 62.3 230 1,005 0.613 
Total change + 1.0 Cal. 


Subject IV, white male 
7/19/34 
Basal 62.6 85 1.007 
20 gm. urea in 400 ce. warm water 
1st hour 61.2 283 1.005 
2nd hour 63.2 72 1,015 
3rd hour 62.4 48 1.021 
4th hour 61.8 37 1.023 
Total change — 1.0 Cal. 
7/30/34 
Basal 58.6 187 1.006 
30 gm. urea in 400 cc. warm water 
1st hour 57.2 308 1.005 
2nd hour 67.4 120 1.014 
3rd hour 57.8 130 1.012 
4th hour 63.0 330 1.005 
Total change + 12.0 Cal. 
12/14/34 
Basal 60.5 119 1.008 
30 gm. urea in 400 ce. warm water 
ist hour 60.9 240 1.008 
2nd hour 61.9 120 1.014 
3rd hour 64.5 108 1.016 
4th hour 62.8 97 1.013 
Total change + 7.1 Cal. 
12/21/34 
Basal 60.5 46 1.018 
400 ce. warm water no urea 
1st hour 58.7 175 1.007 
2nd hour 59.4 194 1,004 
3rd hour 62.4 105 1.008 
4th hour 63.2 63 1.012 
Total change + 1.5 Cal. 
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RESULTS 


The table is so nearly self explanatory that only a few 
points must be mentioned. In all of the experiments on sub- 
ject I, a total increase in heat production is seen only on 
January 14, 1935 and that amounted to but 3.9 Cal. It will 
be noted that on this day no urea was ingested. This rise is 
in contrast to a fall of 7.7 Cal. on January 9, 1935 which was 
another control day. Both are well within the range of ac- 
euracy of the method. All of the experiments on subject I 
with the exception of that performed on January 18, 1935 
show little concentration of urine as indicated by the specific 
gravity. This last experiment meets all the requirements of 
Borsook and Winegarden. There is a very great concentra- 
tion of the urine. Assuming that the basal nitrogen excre- 
tion would have remained constant on this day at 0.162 gm. 
per hour, the excess nitrogen elimination was 2.382 gm. 
Calculating the expected increase of 6 to 11 Cal. per gram of 
nitrogen the least net increase in heat production should have 
been 14.3 Cal. and the maximum 26.2 Cal. This is in contrast 
to a net decrease of 1.0 Cal. 

The only net increase in metabolism shown in the experi- 
ments on subject II was on January 23, 1935 when no urea 
was ingested. It would seem that the basal metabolism on 
that day was too low. This subject showed the ability to 
excrete large amounts of nitrogen and yet the metabolism 
failed to rise. 

Subject III showed a net increase in heat production only 
on June 29, 1934 and this was too slight to be of any signifi- 
eance. There was a fair diuresis on this day in contrast to 
January 24, 1935 when the urine was markedly concentrated 
and only a slight rise occurred. 

All of the experiments on subject IV showed slight net in- 
crease in heat production except that done on July 19, 1934. 
The greatest rise was on July 30, 1934 and a large part of this 
was due to the high metabolism during the second experi- 
mental hour. In all other respects this hour differed little 
from the third experimental hour on the same day. The more 
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frequent fluctuations in the case of this subject can probably 
be explained as being due to his lack of ability to relax quickly. 


DISCUSSION 


Our results are in accordance with those of Lusk and Grafe 
which are quoted above. They are in contrast to those of 
Lublin, to one experiment of Tangl in which urea was ad- 
ministered intravenously and to those of Borsook and Wine- 
garden. Lublin administered large quantities of water to 
his subjects and the increases in heat production which he 
obtained were usually coincident with diuresis. Hence in his 
study the work of the kidney in the concentration of the urine 
could not be an important factor. It seems more probable 
that the explanation of his results lies in osmotic changes in 
the blood and tissues. The same explanation probably holds 
for the experiment of Tang] which is mentioned above. That 
osmotic changes do increase metabolism has been clearly 
shown by Wilhelmj, Bollman and Mann (’31). The experi- 
ments of Borsook and Winegarden are open to criticism since 
they used untrained subjects and a clinical apparatus not 
designed for extreme accuracy. 

Our experiments rule out the work of the kidney in the con- 
centration of the urine as a factor in the specific dynamic 
action of proteins. They do not eliminate the kidney as a 
possible seat for other reactions dealing with the increased 
heat production following ingestion of proteins or amino 
acids. Lusk (’31) has concluded that the cause of the specific 
dynamic action of proteins is probably the various inter- 
mediary reactions through which the amino acids pass during 
their metabolism in the body. We are now attempting to 
investigate whether or not some of these may occur in the 
kidney. 

CONCLUSION 

The work done by the kidney in the concentration of the 
urine during rapid excretion of urea is not a material factor 
in the specific dynamic action of proteins. 
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INTRODUCTION 


The relationship of the male gonads to metabolism has been 
the subject of investigation of many workers. Korenchevsky 
(’25) in the first of a series of articles on sex glands and 
metabolism, summarizes the results of castration on energy 
and protein metabolism obtained by various workers on both 
animals and humans since 1898. The results of the various 
investigators vary. Korenchevsky’s (’25) own investigations 
indicated that after castration two types appear, a ‘fat’ and 
a ‘thin,’ in both humans and dogs. In fat castrated dogs 
energy metabolism and nitrogen metabolism were both de- 
creased after castration. On the other hand in ‘thin’ cas- 
trated dogs this fall in the nitrogen and gaseous metabolism 
was usually less pronounced or absent; moreover, the gaseous 
metabolism was sometimes considerably increased. 

Koch (’32) reviewing the results obtained by numerous 
workers after the injection of testis emulsions and extracts 
was of the opinion that the evidence for a gonadal hormonal 
influence on metabolism was very unconvincing. 


*This investigation was aided by a grant from the Committee on Scientific 
Research of the American Medical Association. 
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Schrire and Zwarenstein (’32a) reported that castration 
of adult male rabbits causes an increase of 25 to 50 per cent 
in creatinine output. This abnormality could be corrected by 
the grafting of testis and by the injection of saline suspen- 
sions or extracts of testes (’32 b). 

Read (’21) found that the metabolism of Pekin eunuchs was 
greatly deranged like that of a cretin. Shen (’25) on the 
other hand was unable to find any creatine or other abnor- 
malities in the nitrogen metabolism of eunuchs. 

McCullagh, McCullagh and Hicken (’33) in a study of the 
clinical treatment of hypogonadism with male sex hormone, 
reported that after treatment there was a rise in basal metabo- 
lism and a fall in the level of blood cholesterol. 

In view of this conflicting and unconvincing evidence, this 
study was undertaken. It has already been amply proven 
that the testes elaborate a hormone or hormones, presumably 
excreted in the urine, which affect the secondary male char- 
acteristics. It was considered advisable, therefore, to attack 


the problem of a gonadal hormonal relationship by studying 
first the effect of this male sex hormone or hormones on the 
metabolism of castrate dogs. 


PREPARATION OF THE HORMONE 


Since male sex hormone can be readily prepared from urine 
and that source of supply was conveniently available,? the 
starting material used in this study was urine. The method 
of Funk and Harrow (’30) was found to be easily adaptable 
and this method with two modifications was used. 

The urine, which was collected in 18-liter bottles with or 
without preservative, was made acid by the addition of con- 
centrated hydrochloric acid and then an additional 20 cc. of 
acid per liter of urine was added. Funk and Harrow (’30) 
found that extraction of urine so treated always resulted in 
the formation of an emulsion between the solvent and the 
urine. We were able to successfully overcome the formation 


*The authors wish to express their appreciation to the medical students for 
their cooperation. 
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of this emulsion by concentrating the acidified urine to about 
one-eighth its volume in large evaporating dishes on an active 
steam bath. If, however, the urine was not acidified before 
concentration, or the steam bath was not very active, the 
emulsion would still be formed. Evidently, therefore, there 
is a breakdown of the emulsifying agents in the urine under 
the influence of acid and heat. The concentrated urine was 
extracted under reflux for 10 to 12 hours with chloroform, 
the chloroform was separated from the watery layer and the 
chloroform removed by distillation. The residue was heated 
under reflux for about 1 hour with 1 gm. of sodium hydroxide 
dissolved in 5 ee. water for each 3 liters of urine. The alkaline 
residue was then cooled and transferred to a separatory 
funnel with several small washings of water and ether. The 
diluted residue (dilution three to four times) was extracted 
eight to ten times with ether. If the ether was removed at this 
point and the residue was dissolved in olive oil, there would 
be considerable tarry material which would not dissolve in 
the olive oil. If, however, the ether extract was washed twice 
with dilute hydrochloric acid, the insoluble material would 
readily precipitate out. The ether extract was then washed 
twice with water, the ether removed and the final product, a 
reddish viscous oil, was completely soluble in olive oil, but on 
allowing to stand in the refrigerator for 3 to 4 days, more of 
the above inert material precipitated out. 

The method as finally adopted has yielded quantitative re- 
sults as determined by the extraction of approximately 4000 
liters of urine in batches of 1 to 1000 liters. 


ASSAY OF THE HORMONE 


The hormone was dissolved in olive oil so that 1 ec. of the 
oil solution was equivalent to 4 liters of urine. The potency 
of the solution was determined qualitatively by the regenera- 
tion of the prostate and seminal vesicles of castrate rats and 
quantitatively by its effect on the combs of White Leghorn 
capons, according to the method of McCullagh, McCullagh and 
Hicken (’33). The hormone solution, 0.05 ec., was injected 
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into the pectoral muscles for 2 successive days and a maximum 
growth of length plus height (L+H) was obtained on the 
fourth day. The results obtained are listed in table 1 and 
are the same for the different preparations, i.e., 25 to 34 B.U. 
per cubic centimeter according to the McCullagh technic. 


DESCRIPTION 


Three dogs were used. Dog 1 was castrated in November, 
1931 and has always been thin and very active. Dog 2 was 
castrated in November, 1933 and soon became fat and very 
inactive, the direct opposite of dog 1. Dog 3 was castrated® 
in November, 1934. At the time of castration it was ap- 


TABLE 1 
Assay of the hormone preparations (0.05 oc. injected per day) 





PREPARATION AVERAGE 
NUMBER DATE INCREASE OF LENGTH + HEIGHT INCREASE 





II 2/4/35 
Ill 2/4/35 


+6,4+4,+5 
+ 5,+4,+6 


| 
x 12/11/34 | +8,+4,4+7 
1/7/35 +6,+6 
3/27/35 +4,4+4 
4/17/35 +6,+4 
67 4/17/35 | +5,+5,+5,+5(+11) 











proximately 10 months old and had been in confinement for 
4 months. Castration to date has not shown any signifi- 
cant effect on its basal metabolism, as calculated by the 
Cowgill-Drabkin method (’27) for Cal./sq.m./hr. This dog 
has not shown any tendency to become a fat castrate. 

Diets. The dogs were maintained on diets which proved 
adequate in all respects and at no time did the dogs show any 
impairment of appetite or other dietary deficiencies. 

Dogs 1 and 2 were placed on the diet shown in table 2. 

The nitrogen content of the beef heart varied but analyses 
were made of each beef heart at the time of feeding. The 
cracker meal was kept in a tightly sealed glass container. All 


*The authors wish to express their appreciation to Mr. Teufel and Mr. Disbro, 
medical students, for their assistance in training and castrating this dog. 
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analyses were made on aliquots by the Kjeldahl-Gunning 
method. 

The diet was prepared by melting the lard to which was 
added the beef heart, previously cut into small squares, and 
the other constituents plus about 700 cc. of water. 


TABLE 2 
Beef heart diet 





DOG 1, WEIGHT 12 KG. DOG 2, WEIGHT 22 Ka. 





Grams : Grams 2 
Calories Grams nitrogen Calories 


Grams nitrogen 





Beef heart 150 4.50 372 200 6.00 500 
Cracker meal 60 1.16 233 85 1.67 332 
Lard 20 ween 180 24 rer 180 
Cod liver oil 5 cons 45 5 re 45 
Bone ash 5 eov% hia 10 
Wesson’s salt mixture 3 see aoe 3 


Totals | 5.66 830 


























TABLE 3 
Cowgill’s diet 





DOG 3, WEIGHT 20.9 KG. 





Grams 
| nitrogen 
Casein 109.3 405.7 
Sucrose 102.3 409.2 
Bone ash 4.8 
Wesson’s salt mixture} 24 || 
Yeast powder * | 1.2 4.0 


Grams Calories 











Lard 50.0 450.0 
Cod liver oil 5.0 45.0 


| 79 | 1313.9 














Dog 3 was placed on the diet prescribed by Cowgill (’23). 

The first five constituents of the casein diet were prepared 
in a large batch and placed in a tight tin container. Aliquots 
of this mixture were analyzed for nitrogen. The diet was 
prepared by mixing the dry constituents and cod liver oil with 
the melted lard. 
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PROCEDURE 


The dogs were confined in metabolism cages and fed the 
prescribed diet at approximately 4 p.m. every day. The dogs 
were catheterized just before feeding daily or at the end of 
each period (5 days each) depending on the type of experi- 
ment. The urine was collected under toluene daily and saved 
in the refrigerator until the end of the period when analyses 
were made. Total nitrogen of the urine was determined by 
the Kjeldahl-Gunning method, ammonia and urea by the Van 
Slyke-Cullen (’16) aeration method, creatine and creatinine 
by the Folin (’14) microchemical method. The rest nitrogen 
was determined by difference. 

The fecal periods were terminated with the use of carmine 
as a marker. The feces were collected daily and saved in the 
refrigerator in acidified alcohol. At the end of the period 
the feces were dried on a steam bath, powdered and aliquots 
analyzed for nitrogen. 

The energy metabolism of dogs 1 and 3 was determined 
by means of a Benedict closed circuit apparatus, attached to 
an all metal chamber, which was enclosed by a water jacket. 
Frequent alcohol checks were made to be certain that the 
apparatus was air-tight and working properly. 

The Tissot-Haldane method with face mask was used for 
dog 2. 

The three dogs were thoroughly trained to their respective 
regimes. Activity records of dogs 1 and 3 were obtained by 
means of a kymograph. Dog 2 was kept under observation 
and respiration rates recorded. Only those experiments were 
used in which the dogs were quiet and in a basal condition. 
Dogs were fed regularly at 4 p.m. and all energy metabolism 
experiments were begun at least 17 hours later. Temperature 
of the chamber was always between 22° and 27°C. and, except 
in the case of experiment no. 1 on dog 1, as mentioned on 
page 447, the animals were kept in the laboratory throughout 
the experimental period so that no temperature readjustment 
was in question (aside from the instance given). 
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RESULTS 
Successive imjections 

The experiments on protein and energy metabolism were 
carried out simultaneously. At first, however, we were only 
concerned with the energy metabolism. Therefore, prelimi- 
nary experiments were made on the effect of large single 
injections on energy metabolism alone. Since these experi- 
ments, which will be discussed later, yielded negative results, 
continuous injections for a period of time were carried out. 
Four such experiments were carried out with dog 1 and three 
with dog 2. A summary of the nitrogen balances of these 
experiments are presented in table 4. 


TABLE 4 
Summary of nitrogen balances, grams per period (5 days) 





DOG NO. 1 DOG NO. 2 


Bird units (B.U.) male | | 
hormone per day | 13-17 | 25-34 | 38-51 | 25-34 | 25-34 38-51 


Experiment no. #§ | 1 | 2 | 3 | 4 S este 


Sy oe 














Periods before in jection 
1 + 0.30 | + 0.05 | + 0.65 | + 4.75 | + 0.45 
2 + 0.80 | + 1.30 + 1.10 





Injection periods 
+ 2.65 | + 2.55 | + 2.40 | + 4.50 | + 2.90 
+ 3.45 | + 2.35 | + 3.10 | + 6.35 | + 6.45 
+ 5.05 | + 0.50 | + 4.25 | + 6.45 | + 6.55 
+ 2.45 + 6.60 | + 6.55 








+ 4.20"; + 4.05 | + 3.90 
+ 1.90 |}+ 1.00 | — 2.75 
+ 2.10 |— 1.75*| — 1.50 
+ 2.50 |— 1.30 | —1.45 
+ 0.70 | + 0.407} — 0.65 
+ 2.60 |— 1.55 | — 0.30 

0.00 | — 1.20 
— 0.50 | — 1.05 
+ 0.45 | + 0.45 
10 + 1.10 


* Four-day period, but caleulated for 5 days. 

* Six-day period, but caleulated for 5 days. 

* Seven-day period, but calculated for 5 days. 

* Three days lost between this and the preceding period. 
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In the seven experiments recorded, a single preparation, X, 
which was assayed repeatedly (table 1, p. 440) during the 
course of the experiments was used. No toxic effects were 
noted and the hormone solution was readily absorbed. In 
every experiment except the last, the hormone was injected 
subcutaneously in half doses every morning and evening. In 
the last experiment the hormone was injected in a single dose 
every morning. 

The results for dog 1 indicate that there is an increased 
nitrogen retention with increased dose up to a certain point 
(experiment 2), beyond which (experiment 3) there is no 
greater response and possibly a decrease. Experiment 4 was 
run immediately after experiment 3 to see if experiment 2 
could be duplicated. As figures show, there is fairly good 
duplication. 

Experiments 1 and 2 of dog 2 yielded remarkably constant 
and identical results. Undoubtedly, this is due to obtaining a 
maximum effect with the first dose, beyond which no greater 
effect resulted. The third experiment, therefore, was designed 
to determine whether a smaller dose would produce the same 
effect. As may be seen, table 4, decreasing the dose to half 
that of experiment 1, produced only about 30 per cent the 
effect. The high basal value obtained in experiment 1 was 
due to a personal fault in that sufficient time was not given 
the dog to come into nitrogen equilibrium. It does not, how- 
ever, detract from the significance of the results, for com- 
paratively it affected only the first injection period. 

In every case dog 2 went into a sustained minus balance 
shortly after cessation of injections. This minus balance 
attained a maximum immediately and gradually returned to 
basal. The excess nitrogen output, however, never attained 
the proportions of the amount retained. In experiment 3 the 
amount and duration of the minus balance is correspondingly 
shorter. 

The three experiments were run successively. 

The graphical presentation of experiment 2 of dog 2, (graph 
1) illustrates clearly the effect of male sex hormone on the 
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nitrogen balance and also on the dog’s weight. The values are 
represented so that the nitrogen intake is divided into 


urinary nitrogen, fecal nitrogen and nitrogen retained. The 
latter, of course, only when the dog is in positive nitrogen 


Graph #1 
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balance. The changes in the nitrogen balance are borne by 
the urinary nitrogen and never by the fecal nitrogen. The 
weight of the dog gradually increases and then gradually 
returns to basal after cessation of injections. 

In order to determine what constituents of the urinary 
nitrogen were affected, partitions of the urinary nitrogen 
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were made. Graph 2 shows typical results. The significant 
fact to be noted is that the urea nitrogen parallels the changes 
in urinary nitrogen. The ammonia and creatinine remain 
constant. The rest nitrogen shows a variable increase and 
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creatine nitrogen always increases slightly after cessation of 
injections. 














ENERGY METABOLISM 


Although there is a similar effect on the protein metabolism 
of both dogs, the effect on the total energy output is some- 
what different. Tables 5 and 6 summarize the results for 
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dogs 1 and 2, respectively. The values in table 5, dog 1, are 
for total R.Q.’s, the values in table 6, dog 2, are calculated for 
non-protein R.Q.’s according to Lusk (’24, ’28). The calories 
per square meter per hour are calculated according to the 
surface area formula for dogs proposed by Cowgill and 
Drabkin (’27). 


TABLE 5 


Summary, energy metabolism in dog 1 





EXPERI- 
MENT 
no. 


| 

NUMBER 
DETERMI- | 
NATIONS | 


TOTAL B.Q. 





| 7/14-7/27 





4/15-4/18/34 
5/5-5/16 


5/20-5/25 


6/26-6/27 
6/28-7/12 


12/13-12/20 
12/20-1/14-35 


1/15-2/1 
2/5-2/15 


| 0.74 + 0.01 
| 0.78 + 0.02 


-79 + 0.02 


| 
| 


| 0.76 + 0.01 
0.75 + 0.01 


WEIGHT 
CALs./ | AT END 

SQ.M./HE. | OF 
| PERIOD 


REMARKS 





kg. 
13.4 
13.5 


30.9 + 0.4 
29.4 + 0.5 


28.3 + 1.6 


28.9 + 0.7 
29.1 + 1.0 


28.6 + 1.1 


29.7 + 0.9 
29.4 + 1.0 





28.6 + 1.2 | 
29.4 + 0.9 | 


11.9 
12.1 


| 

Imecat 
|13-17 B.U. 
per day (4 
ec. X) 5/3 
| —§/18 

| Basal 


Basal 
25-34 B.U. 
per day (1 
ec. X) 6/ 
28-7/12 
Basal 


Basal 

38-51 B.U. 
per day (13 
ec, X) 12/ 
20-1/14 
Basal 
25-34 B.U. 





| per day (1 
ec. X) 2/3 
-2/18 

| Basal 


| 0.76 + 0.01 














| 
292+0.6| 12.0 


2/20-3/20 


Dog 1 shows a remarkable constancy in every experiment 
with the exception of no. 1, which shows a gradual decrease. 
This, however, is probably not due to the effects of the hor- 
mone but to the fact that the dog was acclimating itself to 
the temperature of the laboratory after its stay in the animal 
house, which was much cooler. 
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Dog 2, table 6, on the other hand, shows definite increase 
in total energy output in two of the three experiments after 
administration of the hormone. Experiment 3 shows a smaller 
and rather doubtful increase. It must be emphasized that the 
increase is never very great. The increase in energy metabo- 
lism does not begin immediately, but only after several days; 


TABLE 6 
Summary, energy metabolism dog 2 





| 
EXPERI- | | NUMBER 
MENT | DETERMI- 
NO | NATIONS 


WEIGHT 
END OF REMARKS 
PERIOD 


NON PROTEIN CALS./ 
8Q.M./HR. 


kg. 

25-34 B.U. 
per day (1 
ee.X)10/31- 
0.78 + 0.01 | 26.2 + 0.7 ‘ 11/20/34 





[10/31/34 


4 11/14-11/20 


11/21-11/26 0.79 + 0.02 | Aft. injection 





0.74 + 0.03 | 24.5 + 0.1 38-51 B.U. 
per day (13 
ee. X) 1/12- 
1/19-2/1 0.73 + 0.03 | 27.1+0.5 .7 {2/1 
2/6-2/16 0.77 + 0.04 | 26.1 + 0.2 2 |Aft. injection 
73/4-3/14 0.82 + 0.02 | 24.6 + 0.5 Basal 
3/21-4/6 0.82 + 0.02 | 25.4 + 0.5 13-17 B.U. 
per day (1 
ee. X) 3/18- 
4/16 
4/84/15 0.83 + 0.02 |25.42+0.0| 22.3 |Aft. injection 
~4/18-4/24 | 0.85 + 0.02 |23.0+0.5| 22.3 |Basal 


1/12-1/15 


| 
| 
| 
| $12/1-1/10/35 | 0.78 + 0.03 | 24.1 + 0.7 Basal 
| 


























later it attains a maximum and continues at that rate for a 
time after cessation of injections. 

In order to determine whether the daily injections had any 
transient effect, determinations were made on both dogs be- 
fore the morning injection and at various time intervals after 
the injections. No effects were detected. Therefore, the in- 
crease noted for dog 2 is due to the stimulation of the repeated 
injections. 





MALE HORMONE AND METABOLISM 449 


In experiment 1 no determinations were made before or 
during the first part of the injection period. The subsequent 
results and the results obtained in experiments 2 and 3 sub- 
stantiate the results obtained in experiment 1. 

Analysis of the non-protein calories by means of the table 
given by Lusk (’24, ’28) shows that in the case of dog 1 the 
fat metabolism increases to compensate for the decreased 
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protein metabolism (graph no. 3). The carbohydrate metabo- 
lism which is not very great to begin with, is not materially 
affected. Dog 2 (graph no. 4) on the other hand, shows a 
sparing effect in the carbohydrate metabolism as well as the 
protein metabolism and an increase in fat metabolism to 
compensate for these sparing effects and also to bear the 
increased total energy output. 
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Single large injections 


In view of the marked effect obtained on the protein 
metabolism of both dogs after the continuous injection of male 
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sex hormone, it seemed advisable to reinvestigate the effect 
of single injections on the energy metabolism and at the same 
time observe the protein metabolism. 

In the preliminary experiments in which only the energy 
metabolism was studied, the results in table 7 are typical. 
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As may be seen, there is no effect as much as 6 hours after 
the injection. Subsequent experiments in which observations 
were made as much as 11 hours after the injection and on 
subsequent days, showed similar results. The doses used 
were 33 ec. (825 to 1120 B.U.) preparation III, dog 1; 8 ce. 
(200 to 272 B.U.) preparation II, and 9.1 ec. (208 to 310 B.U.) 
preparation 67, dog 2; and 5 ec. (125 to 170 B.U.) and 9.4 ee. 
(235 to 319 B.U.) preparation 67, dog 3. 

A study of the protein metabolism in one of these experi- 
ments on dog 2, injection of 9.1 ec. (208 to 310 B.U.) prepa- 
ration 67, and one on dog 3, injection of 9.4 ec. (235 to 319 


TABLE 7 
Energy metabolism dog 1 





TIME TOTAL B.Q. * CALS./8Q.M./HR. 





2/22/34 weight 14.2 kg. 





10.05 a.m.| 0.73 35.6 

11.10 10 ee. preparation IT (50 1. urine) 
12.01-12.58 P.M. 0.75 | 34.8 
12.58— 2.00 0.73 37.0 
2.00- 3.04 0.74 35.3 
3.04— 4.03 | 0.74 35.0 
4.03- 5.00 0.77 

2/27/34 basal 

10.48-11.43 | 0.74 | 


* EtOH check 3/16/34—0.665, 0.664. 








B.U.) preparation 67, showed very striking results, as 
illustrated for dog 2 in graph 5. There is a marked change 
in urinary nitrogen. On the day of injection there is no effect. 
The apparent drop on this day in urinary and urea nitrogen is 
proportional and consequently due to the decreased nitrogen 
intake, as is evident from the graph. The day after injection, 
however, shows a decrease which becomes successively greater 
and reaches a maximum on the third day and then returns in 
a similar manner to normal. Partition of the urinary nitrogen 
shows the urea nitrogen paralleling the changes in the total 
urinary nitrogen, while the creatinine nitrogen remains abso- 





452 C. D. KOCHAKIAN AND J. RB. MURLIN 


lutely constant, and creatine nitrogen, in contrast to its be- 
havior during small daily injections, changes in parallel with 
the urinary and urea nitrogen, except for 1 day, May 1 to 
May 2. Ammonia nitrogen shows no striking effect and the 
rest nitrogen shows a variable effect. As with repeated in- 
jections the nitrogen retained is obviously only a part of 
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the amino acid nitrogen which, without the influence of the 
hormone, would have been deaminated and converted to urea. 
Rest nitrogen is made up in part also of amino acid nitrogen. 
The stimulus to growth of the accessory structures of the 
sexual apparatus has laid claim to the amino acids before 
they could be deaminated or excreted. 





MALE HORMONE AND METABOLISM 453 


In view of this discrepancy in the action of creatine after 
continuous daily injections and a single large injection, and 
the fact that these castrate dogs were excreting creatine, an 
abnormality possessed by castrates, according to Read (’21) 
but disputed by Shen (’25), it seemed desirable to eliminate 
the possibility that the excreted creatine might be of exoge- 
nous origin, since beef heart contains considerable creatine. 
Now dog 3, prior to castration had been placed on a diet 
similar in every respect to that of dog 1 and dog 2 (table 2) 
and analysis of its urine at the time indicated an abnormal 
creatine to creatinine ratio of 1.29. Therefore, dog 3 was 
placed on a creatine free diet, Cowgill’s diet for dogs (’23) 


TABLE 8 
Dog 3. Creatine and creatinine excretion (Cowgill’s diet *) 
Date (1935) 5/7 | 5/8 5/9 5/10 5/11 


Gm. creatine N 0.016 | 0.010 | 0.014 | 0.026 | 0.007 
Gm. creatinine N 0.204 | 0.198 0.191 0.197 0.198 




















Date (1935) 5/13 | 5/14 5/15 5/16 | 5/17 


Gm. creatine N 0.003 | 0.007 | 0.008 | 0.002 | 0.006 
Gm creatinine N 0.197 | 0.194 | 0.200 | 0.195 | 0.205 




















* Injected 9.4 cc. of preparation 67 at 8.00 a.m. 
? Creatine/creatinine = 1.29 on beef heart diet. 


(table 3), with casein the sole source of protein. A study of 
the nitrogen metabolism before and after the injection of 
9.4 ec. (235 to 319 B.U.) of preparation 67, yielded results the 
same as for dog 2 with the one exception that only traces 
of creatine could be detected both before and after the 
injection (table 8). 


DISCUSSION 


Although in the interest of brevity the complete data have 
not been presented, the summaries and typical experiments 
shown adequately explain the results of this investigation. 

It is to be noted that the nitrogen retained is never com- 
pletely excreted. In fact dog 1, the thin castrate, during only 
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one period, 5 days, in the four experiments, goes into a nega- 
tive balance. Dog 2, on the other hand, always goes into a 
negative balance after cessation of injections and gradually 
returns to equilibrium. Undoubtedly the nitrogen is retained 
as circulating (or reserve) protein, but it seems difficult to 
understand why dog 2 should excrete part of the retained 
nitrogen and dog 1 none, unless we assume that in the latter 
at least part of the retained nitrogen has been converted to 
permanent structures. 

The difference between dogs 1 and 2 appears to be similar 
in some respects to that between a pregnant dog in the late 
weeks of gestation and a non-pregnant dog. Fed high protein 
both dogs retain nitrogen; when returned to low protein the 
non-pregnant dog excretes more than the pregnant. A closely 
parallel situation is found also in menstruation followed by 
pregnancy (Murlin, ’10) where the retention of nitrogen under 
the influence of oestrin is followed by a minus balance in the 
early weeks of gestation. Oestrin is no longer effective to 
produce retention. In the present experiments male hormone 
causes retention in both dogs, but dog 2 does not retain so 
tenaciously as dog 1. Dog 2, being fat, suggests a relative 
pituitary deficiency. Injection of the globulin fraction of the 
Bugbee extract of anterior pituitary at the end of male hor- 
mone injections in the case of dog 2, certainly would have 
converted the minus balance periods into positive (Gaebler, 
33). Gaebler, in fact, finds that the effect of the growth 
hormone in dogs varies much as the effect of the male hormone 
does in this study. Sometimes the retention is permanent, at 
other times temporary, suggesting that some additional factor 
is necessary to cause conversion of reserve protein into cell 
structures. 

The significant effect on the urinary constituents is the 
paralleling of the changes in the urinary nitrogen by the urea 
nitrogen, which was to be expected in decreased catabolism of 
exogenous protein. The outer urinary constituents do not 
show any striking differences except possibly creatine. 
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At first it seemed that the finding of appreciable amounts 
of creatine in the urine of these castrate dogs confirmed the 
findings of Read (’21). An investigation, however, as to the 
source of the creatine excreted indicated that it came from 
the diet. When the diet did not contain creatine the urine 
also was free of creatine. Our results on the creatine metabo- 
lism of castrates confirm those of Shen (’25) rather than 
Read (’21). 

The creatinine output at no time was affected and in fact 
remained remarkably constant which cannot be reconciled with 
the findings of Schrire and Zwarenstein (’32 a and b). 

The ammonia nitrogen was always normal with a slight 
variance which is not significant. 

Comparison of the results obtained on the nitrogen reten- 
tion after the administration of repeated doses and single 
large doses, indicates clearly that the former is the more 
efficient method. The administration of a dose of 9.1 ec. of 
preparation 67 produced in dog 2 a maximum retention of 
15.5 per cent, while the injection of 4 ce. of preparation X, 
twice per day, produced a maximum nitrogen retention of 
17 per cent in less than 5 days. Therefore the same effect 
was produced with less than half as much hormone. There 
is also a point beyond which increasing the amount of the 
hormone does not increase the amount of nitrogen retained. 

The different results obtained in the heat production of 
the two dogs can be explained at present only by the difference 
in their tendencies to become fat. Dog 2, weighing around 
22 kg., has a basal heat production of 24 Cal./sq.m./hr., while 
dog 1, weighing around 12 kg. has a basal of 29 Cal./sq.m./hr., 
i.e., 20 per cent greater. Injection of male hormone com- 
pensates for castration in the fat dog more than in the thin. 
It must be borne in mind, however, that the increase in heat 
production produced in dog 2, and this only after several 
days of repeated injections, is only about 10 per cent. It is 
significant, therefore, that while the male sex hormone pro- 
duces a change in the protein and fat metabolism, and a 
decrease in carbohydrate metabolism in the fat castrate dog, 
it is not a calorigenic agent of importance. 
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The difference noted in the energy metabolism of the two 
dogs and the protein metabolism—the fact that dog 1 does not 
excrete the nitrogen retained while dog 2 excretes part of its 
retained nitrogen—suggests the participation of some other 
endocrine organ. 

Furthermore, the striking similarity of our results on nitro- 
gen metabolism, but not on energy metabolism, after the in- 
jection of male sex hormone, with those of Teel and Cushing 
(’30) and Gaebler (’33) after the injection of anterior pitui- 
tary growth hormone, suggests a metabolic interrelationship 
of the gonads and the anterior pituitary. 

Both dogs always increased in weight—about 4 kg. dog 1; 
about 1 kg. dog 2—with a gradual return to preinjection level. 
The increased body protein is not sufficient to explain these 
increases. It is possibly due to a gradual hydration and a 
subsequent dehydration, for no marked thirst or diuresis was 
noted. 

The male sex hormone prepared from urine has not as yet 
been proven to be chemically or physiologically identical with 
that produced by the extraction of testicular tissue. Prevail- 
ing evidence indicates that not only are the substances pro- 
duced from the two sources different chemically, but also 
physiologically. Butenandt (’31, ’34) has prepared male sex 
hormone from urine in pure crystalline form and designated 
it androsterone. Ruzicka (’34) has prepared an identical 
product synthetically from cholesterol. Ogata and Hirano 
(’34) have prepared from boars’ testes pure crystalline ma- 
terial which is chemically different from androsterone. Koch 
and Galagher (’34) report that while the product from urine 
is stable toward heating with alkali, the product from beef 
testes is destroyed. Dingemanse, Freud and Laqueur (’35) 
reported definitely different effects of the two products on 
the amount of regeneration of prostate and seminal vesicles 
of castrate rats. Kozelka and Galagher (’34) and Willier, 
Galagher and Koch (’35) report that extracts of bull testes 
injected into chick embryos produced no change, while urinary 
extracts produced normal ovarian tissue in the cortical portion 
of the left gonad. 
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Early in our investigations it occurred to us that probably 
the hormone prepared from the testicular tissue was different 
and would produce a calorigenic effect. Preliminary experi- 
ments suggest this possibility. 


ADDENDUM 


David et al. (’35) in a preliminary note, report the isola- 
tion of pure crystalline hormone from testes (testosteron) 
which is six times as potent as pure crystalline material from 
urine (androsterone) and possesses different chemical as well 
as physiological properties. 


CONCLUSIONS 


Male hormone as prepared from urine produces the follow- 
ing definite results in adult male castrate dogs. 

A marked drop in urinary nitrogen with a subsequent in- 
crease which are both due to changes in urea nitrogen. Other 
constituents show no significant changes. Creatine is not 
excreted by castrate dogs if on a creatine-free diet. 

The decrease of urinary nitrogen does not begin until the 
first day after the injection. After reaching a maximum, 
further injections only maintain the decreased protein 
catabolism at this level. 

It is more efficient to use small repeated doses than single 
large doses. 

The heat production of thin castrate dogs is not affected 
while that of a fat castrate dog is raised slightly, 10 per 
cent, after repeated injections. 

The fat metabolism is increased, the protein metabolism 
decreased and the carbohydrate metabolism is not affected in 
the thin dog, but is decreased in the fat dog. 

The weights of the dogs show a significant but not large 
increase during injection, and a prompt return to the pre- 
injection level thereafter. 
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A Correction TO THE Paper ENTITLED: 
THE FOOD VALUE OF ETHYL ALCOHOL 


H. H. MITCHELL 


In the paper entitled: ‘‘The food value of ethyl alcohol’’ 
that appeared in The Journal of Nutrition for September, 
1935 (vol. 10, pp. 311-335), reference was made (p. 330) to 
a determination of the specific dynamic effect of starch when 
fed to rats reported by Kriss, Forbes and Miller in a paper 
that appeared in a previous number of the journal (vol. 8, 
pp. 509-534). Believing that the specific dynamic effect of 
starch (and of the other nutrients fed in these experiments) 
had been computed from heat productions which had been re- 
duced in toto to a constant rat weight of 100 gm., the values 
of Kriss, Forbes and Miller were recomputed on the assump- 
tion that only the basal heat varies directly with the body 
surface. 

Since the publication of the alcohol article, Doctor Forbes 
has called the author’s attention to the fact that the specific 
dynamic effects were in fact computed from heat production 
values corrected for differences in body size only with refer- 
ence to the basal fraction of heat. Hence, the recomputed 
values of the author, appearing in the text and in footnote 3 
on page 331, are in error. 

The author regrets exceedingly that he was misled by the 
brief description of the method of weight correction used by 
Kriss, Forbes and Miller, as given in their article (p. 514) 
and in the immediately following one by Forbes, Kriss and 
Miller (pp. 543 and 545), and by the manner in which the 
corrected heat production values were expressed, i.e., as 
hourly heat productions ‘‘per 100 gm. of empty body weight.’’ 

It need only be said in addition that neither the results of 
the aleohol experiments nor the conclusions derived from them 
are in any way impaired by this error. 











